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Pinning down pulsars 

Discovered observationally about twenty 
years ago, neutron stars are the most 
exotic among the dozens of varieties 
making up the hundred billion or so 
stars that populate our galaxy. One of 
the many things that set them apart is 
that their existence was first predicted 
theoretically about half a century ago. It 
was surmised that supernovae—the 
spectacular explosions that mark the 
death of stars much more massive than 
the Sun “Would leave behind a collapsed 
core in the form of neutrons packed 
into a tiny radius of about 10 km. But 
the prediction created relatively little 
activity among astronomers until the 
accidental discovery in late 1967 of their 
highly periodic pulses of radio emission 
picked up by a large radio telescope 
array. Since then, the study of these 
stars has been an active and important 
branch of both observational and theo¬ 
retical astrophysics. 

Among the many extreme phy^^ical 
properties—bordering on science fiction 
— predicted for such stars and which 
now find observational support are 
densities of 10^'*^ gcm“^, a surface 
gravity two hundred billion times that 
on earth, rotation periods of a fraction 
of a second, a superconducting and 
superfluid interior, and a magnetic field 
of the order of 10*^ gauss. The under¬ 
standing of the nature, origin and 
evolution of such intense magnetic fields 
has posed a major challenge over the 
last two decades and has deep implica¬ 
tions for the different manifestations of 
neutron stars in their emissions in the 
radio, optical, X-ray, and gamma-ray 
regions of the spectrum. The first research 
article in this issue (page 31), a collabora¬ 
tive effort between Indian and Soviet 
scientists, attempts to explain many of 
the observed properties of these magnetic 
fields as a logical consequence of the 
quantum-mechanical behaviour of the 
highly condensed matter in the interiors 
of these stars. We may have here yet 
another example of the intimate relation¬ 
ship that can exist between microscopic 
and macroscopic physics. The new 
hypothesis advanced here, if correct, 
promises to be an important step in the 
understanding of these most enigmatic 
of all stars. 

Food for thought 

C. Gopalan, in a lecture at the Inter¬ 
national Congress of Nutrition 1989 in 
Seoul (reprinted in this issue, page 18), 
warned of several dangers that may 


In this issue 


befall us unless remedial measures are 
taken soon. Gopalan is a world authority 
on issues pertaining to human nutrition. 
He was director (1961-73) of the reputed 
National Institute of Nutrition, Hydera¬ 
bad, and director-general (1973-79) of 
the Indian Council of Medical Research. 
Gopalan now heads the Nutrition 
Foundation of India. He is truly a 
missionary for nutrition. 

The problem of undernutrition (both 
India’s and global) is not really a shortage 
of food in the world but the vanishing 
purchasing power of vast sections of 
people. The number of hungry people in 
the world is growing steadily. The world 
helplessly sees the paradox of food sur¬ 
pluses reaching record levels when vast 
pockets of growing hunger continue to 
exist. It is estimated that 34% of the 
world’s population, i.e. 730 millions, are 
afflicted with chronic hunger, of which 
64% live in South Asia and 23% in 
Africa. Gopalan chides those who argue 
that most people in the underdeveloped 
countries are not really hungry but have 
become ‘culturally adapted’ to low food 
intake and forcefully reminds us that 
there can be no such ‘arguments’ about 
death. He goes on to quote some 
shocking data on infant and child 
mortality. While supporting the well- 
deserved focus on Africa, Gopalan 
reminds us (quoting a UNICEF report) 
that in the last two years more children 
have died in India and Pakistan than in 
all of Africa, more in Bangladesh than 
in Ethiopia. 

A decline of florid forms of undernutri¬ 
tion is predicted. Many countries still 
unable to overcome poverty have at least 
taken steps to institute ‘death-control’ 
strategies. But if they stop short with 
these measures there will be much erosion 
of the quality of human resources because 
of increasing proportion of substandard 
survivors. Developing countries will face 
peculiar problems of diseases associated 
with affluence as well as problems of 
ageing societies. 

While modern biotechnology offers 
immense possibilities of improving global 
nutrition, the privatization of biotechno¬ 
logy and the emergence of transnational 
corporations and the formation of per¬ 
nicious university-industrial complexes 
could greatly harm developing countries. 
It is strange that industrial countries are 
seeking patent protection of plant and 
genetic varieties that they are developing 
out of plant and genetic resources 
originally appropriated free of cost and 
compensation from developing countries 
under the euphemistic umbrella of 
‘common heritage’. India and other 


developing countries must take note of 
the warnings given by Gopalan. 

The bat coenectioii 

Bats have gained importance as hosts 
that support the multiplication of arthro¬ 
pod-borne viruses (arboviruses). Many 
species of vertebrates are hosts to arthro¬ 
pod vectors of viruses, and are able to 
circulate in their blood sufficient quanti¬ 
ties of the viruses to be able- to infect 
large numbers of competent vectors. 
Bats, by virtue of their mobility and the 
spectrum of ectoparasites and different 
species of mosquitoes that feed upon 
them, are potential amplifiers or reser¬ 
voirs of arboviruses. Many arboviruses 
have in fact been isolated from bats 
(page 26). There is some evidence that 
bats may be involved in Japanese 
encephalitis and Kyasanur forest disease, 
two important arboviral diseases in India. 

Himalayan furore 

The Viswa Jit Gupta case has received 
much publicity in India and outside. 
There have been a spate of accusations 
in international journals that Viswa Jit 
Gupta, of Panjab University, Chandigarh, 
has indulged in the practice of using the 
same palaeontological specimens two or 
three times as basis for reports from 
areas far distant from each other and has 
thus polluted the Himalayan palaeonto¬ 
logy database. 

B. P. Radhakrishna, editor of the 
Journal of the Geological Society of 
India^ discussed the problem in an 
editorial (reprinted in this issue, page 13). 
There can be no doubt that journals 
have many lessons to learn from this 
episode. There is also the larger problem 
of finding proper ways of dealing with 
fraud in science and with accusations of 
fraud. 

S&T in India 

There is a worrying feeling that Indian 
scientists are not sufficiently aware of 
scientific activity throughout the country. 
Beginning this issue. Current Science 
will therefore publish articles about the 
scientific activity in some of our univer¬ 
sities, institutes and industries. The first 
article (page 14) is about the Sree Chitra 
Tirunal Institute for Medical Sciences 
and Technology in Trivandrum—an 
institute that has departed from the 
normal pattern in that it represents the 
intermingling of medical science and 
technology. 
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Andrei Dmitriyevich Sakharov (1921-1989) 

A life full of concern for fundamental issues, and an optimistic and often visionary viewpoint. 


One of the most striking chapters in the history of the 
struggle for human rights came to an end with the 
death of Andrei Dmitriyevich Sakharov. His sudden, 
unexpected death was announed by two young men 
running down the street, 
wailing' ‘Comrade Sakharov 
is dead! Comrade Sakharov 
is dead! ’ Thousands of Mu¬ 
scovites, not believing their 
ears, gathered to pay tribute 
to this great man—a« did 
millions of people all over 
the world, who acknowled¬ 
ged him as the conscience 
of humanity. On the tele¬ 
vision tens of thousands of 
people were seen to weep 
without restraint at his fune¬ 
ral. One could feel the influ¬ 
ence he must have had on 
his people. He was defi¬ 
nitely the most respected 
figure in the Soviet Union. 

Two thousand delegates at 
the Kremlin stood in silence 
to honour the man whom 
the Communist Party had 
reviled a few years before as 
a traitor and a slanderer. 

Such was his moral posi¬ 
tion that once, when during 
an address to the Kremlin Congress he was asked 
‘Don’t you respect this Congress?’, he replied: ‘Yes, 
but I respect the country and the people more. My 
mandate extends much beyond the bounds of this 
Congress.’ 

Born in Moscow on 21 May 1921, he was recognized 
early as an outstanding physicist. He himself wrote, 
without any fanfare, ‘In 1948 I was included in Igor 
Tamm’s research group which developed a thermo¬ 
nuclear weapon.’ When he helped develop the Soviet 
hydrogen bomb, his country attained the status of a 
superpower. This brought him enormous privilege. He 
became the youngest member of the prestigious Soviet 


Academy at the age of thirty-two. He received the 
Lenin Prize, the Stalin Prize, three Orders of the Hero 
of Socialist Labour, and many other recognitions. His 
scientific genius also brought him international renown. 

Together with Igor Tamm, 
a Nobel laureate, he gave 
the theoretical basis for 
the use of thermonuclear 
energy for peaceful purposes. 
About this collaboration 
Sakharov wrote, ‘In 1950 I 
collaborated with my teach¬ 
er in some of the earliest 
researches in the control of 
thermonuclear reactions.’ 

Sakharov proposed the 
principle of magneto-thermal 
isolation of plasma using 
the principle of toroidal 
magnetic bottles, which later 
became famous under the 
name Tokamak. In 1952 he 
initiated experiments on 
magneto-implosive genera¬ 
tion devices to transform 
the energy of a chemical or 
nuclear explosion into the 
energy of a magnetic field. 
He was able to achieve an 
ultrahigh magnetic field of 
25 million gauss, corres¬ 
ponding to a pressure of 25 million atmospheres. The 
use of thermonuclear reactors to produce fissionable 
materials as fuel for atomic power plants was another 
of his important research programmes. 

Sakharov and Zel’dovitch were the first to recognize 
and to pursue the amazing potential of mu mesons to 
catalyse fusion reactions in cold deuterium. Writes 
Harold P. Furth of Princeton University, ‘The energy 
balance of the mu meson-catalysed reaction is so 
remarkably close to being economically attractive that 
the quest for some practical solution has not been 
abandoned and might even succeed in the long run.’ 

Perhaps the most remarkable paper that Sakharov 





wrote is on the baryon asymmetry in the universe. In 
traditional cosmological models baryons and anti- 
baryons are created in pairs. In the so-called ‘sym¬ 
metric’ cosmologies there is a phase transition near 
1 GeV, which results in the separation of nucleons and 
antinucleons. The basic difficulty with this theory is 
that there is no evidence for the presence of large 
amounts of antimatter in the universe. In this paper 
(1966), entitled ‘Violation of CP invariance, C asymmetry 
and baryon asymmetry in the universe’, Sakharov 
anticipated research by twelve years! What is remarkable 
about this paper is that it completely and correctly states 
all the essential points of the current thinking on this 
issue. He also understood the role of the CPT theorem 
and the need for rapid expansion of the universe during 
the baryon-producing era. He also suggested that 
superheavy particles (which he called maximons) must 
play a primary role. These correspond to the X bosons 
of more modern theories. Says L. Susskind of 
Stanford, ‘I would like to re-emphasize the boldness 
and the essential modernness of Sakharov’s astonishing 
1966 proposal and to state again that this work was the 
first to give cogent reasons for the belief that the proton 
might decay.’ 

He extended the 1966 work in 1980 in Gorky, where 
he had been so cruelly banished. About this, H. J. 
Lipkin of the Weizmann Institute says, ‘It is remarkable 
that Andrei Sakharov has been able to produce such 
work under conditions in which he did not even have 
access to the literature.’ 

Summarizing Sakharov’s work J. D. Bjorken of the 
Fermi National Accelerator Lab writes: 

While the world at large respects and honours Andrei 
Sakharov for his vision and courage in dealing with 
fundamental problems of contemporary society and of 
basic human rights, the physics community has great 
reason to honour and respect his scientific contri¬ 
butions. ... These contributions exhibit, on the whole, 
an approach which parallels what we see in his work on 
social issues—a concern with fundamental issues, an 
optimistic and often visionary viewpoint but a 
viewpoint nevertheless tempered with pragmatic ele¬ 
ments as well, 

Sakharov had money, he had privilege, and in fact, as 
he himself said, he had everything. Yet he was 
dissatisfied. From 1953 onward (from the time of his 
election to the Soviet Academy) many things troubled 
him. He began to contemplate on the many moral 
issues associated with science and its application. 
Slowly the change in his social and political views took 
place. He started a new career in the service of not just 
science or the State but of the universal ideals he felt 
science had neglected and the Soviet ideology and 
Soviet State had abused. The human rights issue became 
an obsession with him. 

He joined the Lake Baikal Committee organized to 
protect the largest freshwater lake in the world from 
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industrial pollution. This work was tolerated by the 
Soviet Union for some time and the lake was cleaned 
up. He then felt that the thermonuclear tests already 
conducted would mean unacceptable genetic damage 
and further tests would be contrary to humanity and 
international law. He therefore began to campaign to 
halt or limit the testing of nuclear weapons. It is said 
of him that the first half of his life was spent making 
nuclear weapons and the second half in unmaking 
them! 

Armed with only his conviction he braved the 
awesome police powers of the Soviet State when he also 
turned his attention to the measures taken by the State 
to suppress free opinion. His first appeals on behalf of 
victims of oppression date from 1966. He courageously 
wrote a letter to Brezhnev condemning the arrests of 
Aleksander Ginzburg and Yuri Galanskov. He then 
wrote the famous tract Thoughts in Progress, Coexistence 
and International Freedom, which was circulated 
underground in Moscow and appeared in excerpts in 
the West. This was going too far: he had, according to 
the Soviet State, crossed the limits of its endurance. 

For his courage he suffered terrible retribution at the 
hands of a frightened Kremlin. He was stripped of his 
security clearance and banned from working on secret 
projects. He was muzzled and exiled to Gorky, with no 
opportunities of meeting fellow scientists, excommuni¬ 
cated from many of the privileges of the Soviet 
establishment, and deprived of all the awards that a 
proud State had presented to. him earlier. To some 
extent, his stature shielded him and his membership of 
the Academy was never terminated. And because he 
sought it not, Sakharov attained a type of political 
power that even the topmost politicians might envy. 

Sovietism had reached a dead end. It was clear that, 
for sheer survival, the Soviet people had to be led back 
a long way. The leadership of President Gorbachev 
promises to fulfil some of the ideals Sakharov 
championed. Sakharov gave Gorbachev credit for the 
historically essential perestroika and agreed that, at this 
point of time, there is no alternative to Gorbachev’s 
leadership. Sakharov’s remarkable fifteen-point appeal 
to Brezhnev bears an uncanny resemblance to 
Gorbachev’s perestroika. The very word glasnost was 
inducted into Soviet polity by Sakharov fifteen years 
before Mikhail Gorbachev made it his word. Sakharov 
stated in no uncertain terms that the attempts to make 
the Soviet economy work could not succeed without 
glasnosu 

What sort of a man was he—this man who almost 
shook the world? His perceptive science brought him 
renown, his humanism and suffering made him wise— 
but the two together gave him an awesome reach 
within his society. There was no doubt that he was the 
most respected public figure in the Soviet Union. 

When he was awarded the Nobel Peace Prize in 1975 
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he ended his speech (read out by his wife as he was not 
permitted to receive the prize) with ‘I would ask you to 
remember that all prisoners of conscience and all 
political prisoners in my country share with me the 
honour of this Nobel prize’, and went on to give, one 
by one, the names of many of these prisoners. And 
when he heard the voice of Gorbachev on the telephone' 
saying that his forced exile was over and that he could 
return to Moscow, his first words were again to plead 
for those who were under greater persecution than he, 
asking that all political prisoners be released. In an era 
of repression and silence his was a lonely voice for 
human rights, for political freedom, and the end of 
nuclear terror. 

There is only one other man of this century who has 
ever commanded so much moral authority over his 
fellow men—Mohandas Karamchand Gandhi. Sakharov 
himself acknowledged the immense influence Gandhi 
had on him. They were similar in their gentleness and 
personal manner, their being driven by the ethic of deep 
kindness and consideration towards their fellow men, 
their incomparable physical and moral courage, their 


embracing individual conscience and responsibility. 
Because they took on other people’s troubles on their 
own shoulders humanity looked up to them as saints. 
Yevgeny Yevtushenko says in his poem The heart on 
strike’, ‘His death has left a terrifying void in the moral 
life of the Soviet Union and the world.’ 

There is understandable anxiety whether Sakharov’s 
death will diminish the cause of human rights in the 
Soviet Union and in the world. But there are others 
who feel it is unlikely as he has converted thousands, 
including Gorbachev, to take up much of his work. 

We end this essay with a quotation from Sakharov 
himself: 

Yet we should not minimize our sacred endeavours in 
this world, where, like the faint glimmer in the dark, we 
have emerged for a moment from the nothingness of 
dark unconsciousness into material existence. We must 
make good the demands of reason and create a life 
worthy of ourselves and the goals we only dimly 
perceive. 

Yes, of him it can truly be said that when he died he 
left the world the poorer. 


The quality of research in Current Science 

What kind of research papers in life sciences should be published in Current Science? The pride of a 
scientist cannot he compromised with attempts to publish poor-quality papers based on mistaken 
justifications. In this and the next few issues. Current Science offers opinion. 


Beginning this issue, Current Science will appear in a new 
format. Earlier announcements have already outlined the 
features that would find place in the journal. In addition to 
these features, it is obvious that original research will continue 
to be reported. Since a majority of papers received are in the 
broad area of life sciences, it is imperative to evolve some 
norms to identify original contributions. I feel a clear 
perception should be there as to what this premier Indian 
journal stands for. Over the years Current Science has 
acquired a ‘human touch’ in seemingly maintaining the 
quality of research papers published. The argument runs as 
follows: In India there are a limited number of well-endowed 
research institutions with competent people; these scientists 
are able to publish in the best of international journals; but 
what about the majority languishing in impoverished 
laboratories, university departments and, in particular, 
colleges? their career uplift also needs publications; Current 
Science with its wide circulation and popularity can provide a 
forum for these publications. In such a situation the referees 
tend to give a concession to papers submitted to the journal. 

The time has come to re-examine the situation. There is a 
new-found urge to achieve in India. Everybody talks about 
evolution of Indian journals with high credibility and 
international standards, so that Indian scientists would be 
enthused to publish good papers in them. And yet, unless 


good papers are published the journal cannot acquire 
credibility and international standards. It is clear that this 
circular argument brooks a solution. The only solution is 
that the journal should set high standards for publication. 
This should make the majority ot scientists in less-fortunate 
circumstances fight the system and achieve despite the 
odds. It is well recognized in the country that the reason for 
poor standards of research is not just lack of facilities, but 
also the lack of a will to achieve. This is clear from the fact 
that, even in an impoverished environment, there are pockets 
of spark and research activity of high calibre. How is this 
possible? I feel that the pride of a scientist cannot be 
compromised with attempts to publish poor-quality papers 
based on mistaken—even harmful—justifications resting on 
reasons such as lack of facilities. 

One can argue over what kind of research should be 
published in Current Science. It is difficult to evolve a norm 
except to state that the findings should be new, novel and of 
significance. It is perhaps easier to state what kinds need not 
be published. A large number of notes appearing in Current 
Science concern one or the other of the following: 

1. Description of a ‘new’ species or a strain of an organism 
with some morphological data. It is usually stated that this is 
the first report. The evidence for a new species is far from 
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adequate and in most cases there is no follow-up in terms of 
detailed studies on the biology of the organism. 

2. Beneficial/curative properties of plant extracts of one kind 
or another. Often data on the; chemistry of the extract are 
poor or totally missing. Biochemistry in the target tissue 
would at best reflect secondary, routine changes. 

3. Study of pesticides and other toxic compounds in a wide 
range of aquatic and other organisms. 

4. Measurement of assayable parameters in biological 
systems with reference to some variable such as growth, 
temperature, etc. The biochemical parameters chosen are from 
the viewpoint of easy methods of estimation with minimum 
inputs, without relevance to the phenomenon. Some of the 
parameters measured are total protein, amino acids, acid and 
alkaline phosphatase, etc, 

5. Tendency to split a good piece of detailed study into 
several notes for Current Science, to be listed as four 


publications. Such a rounded piece of work should go to a 
standard journal publishing full papers. 

I cannot in good sense plead for a total elimination of the 
above types of study, but most reports in these areas do not 
deserve to be published. Perhaps some of these reports should 
go to college and university journals till such time when these 
journals also wake up! On the other hand, papers submitted 
to Current Science should be of the type craving to 
establish priority in international science. Therefore, I feel 
that the research papers published in each issue can be limited 
to a small number, but those of really high quality. 

-G. Padmanaban 

Department of Biochemistry, 
Indian Institute of Science, Bangalore 560 012 


Current Science records with pleasure the appointment 
as Union Minister of State for Science and Technology 
of M. G. K. Menon, a former president of the Indian 
Academy of Sciences and one who has long been 
associated with this journal. 

Over three and a half decades of remarkably fruitful 
life, Menon has influenced the growth of Indian science 
in many ways. He has made pioneering contributions to 
the field of cosmic rays and elementary particle physics. 
As director of the Tata Institute of Fundamental 
Research, as secretary to the Government of India, as 
head of various scientific departments, as chairman and 
member of commissions, as president and member of 
several national and international academic bodies, as 
physicist, and as administrator and policy-maker, he 
has left in the minds of those who came in contact with 
him abiding impressions of a wise, warm and generous 
personality. This is perhaps the first time that a man of 
science has become a minister in India. We wish him 
well in his new assignment. 
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Peer review 

Arguments against the system of anony¬ 
mity in peer review of manuscripts 
submitted for publication have been 
eloquently presented by Gangan 
Prathap^ and 1 have also seen similar 
letters in the correspondence columns of 
another learned journal recently^ 
What I have not read anywhere are the 
counterarguments against open review 
and in favour of the existing system, and 
I present some of them below. 

Prathap^ assumes that there are two 
distinct categories of people: we, the 
authors, sinned against but never our¬ 
selves sinners, who wish to see our work 
and our ideas—many marginal, a few 
revolutionary—"in print; and they, the 
group of anonymous peer reviewers, 
who sit in—occasionally biased—judge¬ 
ment over us. In reality, these two 
groups are but one, consisting of 
individuals called upon to wear the 
cloak of author or that of reviewer on 
different occasions; and the person who 
is judge is actually the editor, who is 
certainly not anonymous. 

Three corollaries follow from this: (i) 
Just as there can be a partisan reviewer 
attempting to undo the efforts of 
revolutionary workmanship, so too does 
the situation often arise of a reviewer’s 
objective and unpalatable comments 
inviting the ire of an author (whose 
opinion is, by definition, biased), accom¬ 
panied by unjust accusations of malice; 
if the reviewer were to be openly 
identified, one can imagine the un¬ 
savoury direct correspondence between 
author and reviewer and the strains in 
interpersonal relationships that this 
might lead to, in anticipation of which 
itself the reviewer might opt to suppress 
his original honest response. 

(ii) Since the reviewers are in fact 
identifiable by the editor (who presu¬ 
mably is a wise and learned man, and 
powerful too!), this in itself should serve 
as sufficient check against malicious 
reviewing, or at least to being recognized 
as such when it is received. 

(iii) When an author disagrees with a 
reviewer’s comments, he should and 
does argue his case with the editor; if he 


does not succeed, and then wishes to lay 
the blame upon the bias of someone for 
his failure, then obviously such blame 
should fall not on the poor anonymous 
reviewer but on the editor himself who 
has been arbitrator in the argument. 
Perhaps, then, the author should seek to 
offer his ideas and findings to some 
other journal whose editor, in turn, 
might be more receptive to them. I do 
not doubt that it is the collective of such 
experiences over a period of time that 
determines any particular journal’s 
evolution in terms of subject coverage, 
readership and the quality of papers 
submitted to and published in its pages. 

In conclusion, I appreciate Prathap’s 
contention that there might in fact be 
ten Galileos in the world today whose 
work has not been published or recog¬ 
nized because of the existing system of 
anonymous peer review. What I am 
unable to see is that open review as an 
alternative is the solution to the problem; 
it might instead lead to a situation 
where the works of these ten indeed see 
the light of day, but are then drowned 
in the publications of ten thousand 
others who also believe themselves to be 
Galileos, but sadly are not. 

1. Prathap, G., Curr. ScL, 1989, 58, 1114. 

2. Thyagaraja, A., Nature, 1988, 335, 391. 

3. Wright, J. B., Nature, 1988, 336, 10. 

4. Berezin, A. A., Nature, 1989, 337, 202. 

5. Fletcher, G. C., ibid. 

6. Roth, S., ibid. 

J. Gowrishankar 

Centre for Cellular and 
Molecular Biology 
Hyderabad 500 007, India 


Low-priced reprint volumes 

Regarding the questionnaire published 
recently (Curr. ScL, 58, 948), one 
is reminded of an earlier occasion when 
a similar survey resulted in a momentous 
event, namely the establishment of our 
Academies. One hopes the present exer¬ 
cise will produce a similar landmark. 

In my perception, there is a greater 
need for source books/reprint volumes 


than for Indian editions of foreign 
journals. By a reprint volume, I mean a 
volume containing reprints of about a 
dozen or so benchmark papers in an 
area of intense current activity (with of 
course a sizeable following in India). 
The compilation should be made by an 
expert, who, if possible, should contri¬ 
bute a lead article providing a global 
survey as well as a connecting thread. 

For years, the Japanese Physical 
Society was active in producing such 
reprint volumes. These were available at 
an affordable price but only inside 
Japan, which is perfectly understandable. 
The effort was a tremendous success, and 
a repeat of that here is very desirable. I 
should think it is well within the means 
of this country to produce at least six 
such volumes per year in each major 
discipline, like mathematics, physics, 
chemistry, etc. Such volumes would be 
of immense value to young researchers, 
especially those in not-so-well-endowed 
institutions. I do not foresee major 
copyright problems, especially if the 
venture is non-profit-making (as is 
desirable). One presumes that, if needed, 
the good offices of a body like the 
UNESCO or the Third World Academy 
could be sought. Indeed, if countries of 
the Third World all decide to pitch in, 
then one can visualize a tremendous 
snowballing effect. 

It is not out of place to mention that 
quite a large number of summer schools 
and the like are held every year in the 
country. The nation bears the expenses, 
including, often, that of travel by the 
foreign lecturers. However, most of the 
proceedings find their way into the 
hands of foreign publishers and imme¬ 
diately get priced out of our reach. We 
are thus unable to buy back the 
information we generate! This matter 
too needs attention. 

G Venkataraman 
Advanced Numerical Research 

and Analysis Group, DRDO 
Hyderabad 500 258 

This issue contains the results of our 
analysis of the completed DST question¬ 
naires and some comments (see following 
pages). —Ed. 
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DST questionnaire response analysis 

Response to the questionnaire prepared by the Department of Science and Technology (Curr. Sci, 58, 948) seeking 
views on the policy on publication of Indian editions of foreign S&T periodicals favours allowing Indian editions. The 
questions and results are given below. We also publish, in this and the following few issues, comments from some of the 
respondents. 


1. 1. The present policy, of not allow¬ 
ing S&T magazines to bring out 
editions in India, is quite sound and 
ought to continue. 

I agree, 17%. I do not agree, 83%. 

2. In scientific and technical fields, we 
will only benefit by allowing publication 
of editions of good foreign magazines/ 
journals in India since many more 
people, who do not presently have 
access to good libraries or similar other 
sources, will be able to get the latest 
information. This will not have any 
effect on similar indigenous S&T publi¬ 
cations; in fact, it may help raise their 
standards. In any case, our own compa¬ 
rable magazines/periodicals, if they are 
any good, ought to be able to stand a 
little competition. 

I agree, 83%. I do not agree, 17%. 

3. Our own effort in this area, i.e. 


Indian S&T magazines and journals, 
has not fully matured either in terms of 
quantity or coverage—largely because 
the number of S&T personnel even now 
constitutes only one per cent of our 
literate population. Allowing foreign 
magazines/journals to bring out editions 
in India will be deleterious to our 
indigenous efforts and may even result 
in undoing what has taken us many 
years of sustained efforts to build. If any 
exception is to be made, that ought to 
be done on a case-by-case basis after 
careful consideration of the correspond¬ 
ing indigenous effort, if any. 

I agree, 33%. I do not agree, 67%. 

II. Some specific suggestions: 

1. Indian editions of journals like New 
Scientist, Scientific American, La Recher¬ 
che, etc., which popularize some of the 
latest scientific work done outside India 


but which do not report original contri¬ 
butions. 

Yes, 85%. Also in Indian languages, 
25%. No, 15%. 

2. Indian editions of journals like 
Nature, Science, N aturwissenschaften, 
which not only publish the latest 
original research and contain original 
scientific communications, but also dis¬ 
cuss scientific discoveries, and present 
commentaries, news, views, etc. 

Yes, 91%. No, 9%. 

3. Indian editions of journals from 
learned societies, academies and insti¬ 
tutes containing original papers, like 
Physical Review, Physical Review Letters, 
Journal of Molecular Biology, Journal of 
Solid State Chemistry and journals in 
other subjects. 

Yes, 75%. No, 25%. 


Some comments 

[I assume that] the Indian edition 
would have exactly the same material as 
the original edition; the only difference 
would be that it will be (simultaneously) 
printed in India. (If it is not possible to 
print it simultaneously we can, perhaps, 
accept a lag of not more than one 
week.) It is, of course, also assumed that 
the price of the Indian edition would be 
substantially lower than that of the 
original edition. 

P. M. Bhargava, Centre for Cellular and 
Molecular Biology, Hyderabad 500 007 


Not allowing foreign science and tech¬ 
nology journals to be published in India 
is to foster Indian science by ‘protection¬ 
ism’. This is a kind of scientific xeno¬ 
phobia and is against the very spirit of 
genuine science. Indian science has 
grown over the years and must be now 
robust enough to take on some ‘compa¬ 
rison of quality on home ground’. 
Excellence must be able to stand out on 
any manner of ground. It is my firm 
belief that any further protection by 
exclusion will only help the rampant 


scientific mediocrity in India to flourish 
further. 

M. K. Chandrashekaran, Department of 
Animal Behaviour and Physiology, School 
of Biological Sciences, Madurai Kamaraj 
University, Madurai 625 021 


The idea of bringing out Indian editions 
ought to be to make them much 
cheaper, say approximately I/5th the 
normal price. Otherwise, it is not worth 
the effort. Chemical Abstracts should be 
made much cheaper. Similarly, Physics 
Abstracts and Biological Abstracts. Cost 
of xeroxing, to be done by a central 
organization, should be brought down. 

K. S. G. Doss, 8 Balaram Road, Adayar, 
Madras 600 020 

(Prof. Doss passed away 18 October 
1989. —Ed.) 


1. Popular scientific journals certainly 
contribute to public awareness of advan¬ 
ces in science and technology and the 
benefits accruing to society from the 
application of these advances. Also, 
such journals influence young minds to 
be aware of scientific advances and to 


cultivate a scientific attitude. Western 
nations, particularly the US and the 
UK, handle this aspect in an appealing 
and inspiring fashion and therefore it 
would be an excellent idea to print 
Indian editions of the type of journals 
mentioned in Section II, paragraphs 1 
and 2 [of the questionnaire]. 

2. Since science is international, quick 
and prompt dissemination of scientific 
discoveries is absolutely necessary to 
stimulate scientists in India to carry on 
their research purposefully and without 
duplication. To achieve this goal it may 
not be entirely necessary to print Indian 
editions of the journals of learned 
scientific societies. Since the demand for 
such journals would be confined to the 
particular university research depart¬ 
ments, research institutes and research 
laboratories, journals such as those 
listed in II, paragraph 3 should be 
airlifted and made available to all 
institutions [that need them]. A special 
grant should be given by the govern¬ 
ment for this purpose. 

3. Another useful thing would be to 
print a current contents list from 
important journals—^with titles and 
authors—and distribute this list widely. 
At Bell Labs such a list is brought out 
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bi-monthly and is issued by the library 
and distributed to all Bell Labs scientists. 
This could be undertaken by a docu¬ 
mentation center in a library that airlifts 
important journals. This would bring 
what goes on elsewhere to the attention 
of scientists. From this list they can go 
back to the journal itself. 

A. Jayaraman, AT&T Bell Laboratories, 
600 Mountain Avenue, Room ID-230, 
Murray Hill, NJ 07974, USA 


There is no substitute for a good 
library. This ‘short cut’ to reduce cost to 
make journals available to a larger 
section of scientists is likely to become 
more expensive to the country in the 
long run. This is a question of ‘short¬ 
term gains’ versus ‘long-term loss’! 

5. S. Jha, School of Physics, Tata 
Institute of Fundamental Research, 
Colaha, Bombay 400 005 


Science journals are a source of know¬ 
ledge. If science books are made in 
cheaper editions, why not journals? By 
not making journals available at low 
cost are we perpetuating disparities by 
making knowledge more expensive? 
Knowledge spreads by a chain reaction 
exponentially. The more we spread it, 
the more the ‘chains’ that will branch 
out in India. The damage from restric¬ 
tion will be great ‘exponentially’. 

S. S, Kalbag, Centre for Science Educa¬ 
tion Research, Pabal 412 403 


Wt have had enough of scientific colo¬ 
nialism. If top scientists who hold presti¬ 
gious positions of power still work at 
the bench and contribute compulsively 
to existing Indian journals, we can 
achieve a lot. We should issue a list of 
Indian journals which can hold their 
own against their compeers. Publication 
in any one of them should be treated as 
an essential requirement for recruitment 
of scientists/teachers. Government should 
subsidize regional libraries’ subscriptions 
to Indian and international journals. 

C. R. Krishna Murti, Susmita, 18/1 Third 
Main Road, Kasturba Nagar, Adayar, 
Madras 600 020 


The most important aspect of any kind 
of research is access to information. In 
my opinion a sizeable chunk of money 
should be allotted to obtaining infor¬ 
mation. The only way for us seems to be 


to reprint as many foreign journals as 
possible. I have personal experience 
where certain ideas were generated by 
reading totally non-related journals. A 
hallmark of many foreign universities, 
including CalTech, is that the libraries 
are full of journals from all over the 
world. I wouldn’t be filling this out if 
CalTech was not subscribing to Current 
Science. 

R. y. Krishnamurthy, 170-25, California 
Institute of Technology, Pasadena CA 
91125, USA 


An alternative to publishing Indian 
foreign journals, is to negotiate a special 
subscription rate for exclusive use within 
India. The publishers of foreign journals 
may be interested in an assured market 
if a certain guaranteed number of 
subscribers sign up. Some foreign publi¬ 
shers market some text-books under 
‘Not for sale outside India’ condition. A 
similar arrangement may be made with 
regard to scientific journals. 

S. Anand Kumar, Astra Research Centre 
India, P.O. Box 359, Malleswarani, 
Bangalore 560 003 


If India has to reach excellence in R&D 
at the international level, it is very 
essential to provide our scientists access 
to current international literature. Due 
to escalating cost of journals and 
reducing budgets, most libraries (parti¬ 
cularly in the universities) are unable to 
provide important journals to their 
scientists. If we judiciously permit re¬ 
printing of selected foreign journals m 
India, it would help improve the overall 
standard of science and technology in 
India. In any case, the foreign journals 
are not going to cut into the market of 
Indian journals since they are not 
competing. We have to anyway buy the 
foreign periodicals, no matter how 
expensive they are, to provide access to 
research [published in them] to our 
scientists. 

Usha K. Luthra, Institute of Cytology 
and Preventive Oncology, Indian Council 
of Medical Research, Ansari Nagar, New 
Delhi 110 029 


1. We should start in a limited way 
with a few international journals of out¬ 
standing merit, like Scientifc American 
and Nature, see their impact on Indian 
science, and then decide whether to 
continue/discontinue the practice. 

2. A Hindi edition of Scientific American 
might be brought out as part of efforts 


to bring science closer to a larger cross- 
section of readers in India. 

J. V. Narlikar, Inter-University Centre 
for Astronomy and Astrophysics, Ganesh- 
khind, Pune 411 007 

I would suggest that text-books by 
foreign authors not be published in 
India. We must give more time for our 
people to come up. It is also suggested 
that journals of foreign scientific societies 
not be published in India. 

P. R. Pisharoty, Physical Research 
Laboratory, Navrangpura, Ahmedahad 
380 009 


To the majority of growing scientists 
the effect of availability of leading 
journals can be most positive. The fear 
that publishing foreign journals in India 
can weaken Indian journals is only a 
superficial fear. Secondly, foreign jour¬ 
nals need not be ‘specially printed’ in 
India. By making proper legal arrange¬ 
ments with the publishers, photocopies 
of the journals can be supplied. The cost 
to be paid to the original publisher can 
thus be reduced. The task can be 
entrusted to INSDOC, for example. If 
the foreign publishers arc asked to 
‘publish’ their journals in our country, 
they can ‘loot’ us with their very high 
prices (which only a few can afford in 
India). 

P. B. y. Prasad, Department of Physics, 
Government Polytechnic, Warangal 
506 007 

Special efforts are needed to strengthen 
Indian journals. The refereeing system 
should be more rigid and aim at 
excellence. Regularity in issue should be 
insisted upon. More attention should be 
given to printing and get-up, especially 
the quality of illustrations. 

B. P. Radhakrishna, Geological Society 
of India, P.B. 1922, Gavipuram P.O., 
Bangalore 560 019 

Many good papers by Indian scientists 
are sent abroad as they get better peer 
review and better exposure. Unless local 
journals attempt to have good reviews 
and circulation the current trend will 
continue. 

y. Rajaraman, Supercomputer Education 
and Research Centre, Indian Institute of 
Science, Bangalore 560 012 

1. I think some formal arrangement for 
reproducing selected articles, news 
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reports, reviews, etc. from Nature, New 
Scientist, Science in, say, Current Science 
is highly desirable, and also necessary. 
This will expand the range of quality 
information available to the non-elite in 
India (colleges, universities). 

2. Most institutions are unable to 
subscribe to (m)any journals (IL 3 [of 
questionnaire]) because of the cost. The 
market is too small for Indian editions. 
Perhaps an affordable Third World’ 
edition of some of the major journals 
will reduce the huge information gap 
within India. 

T. V. Ramakrishnan, Department of 
Physics, Indian Institute of Science, 
Bangalore 560 012 


We should have our own scientific and 
technical journals reporting results of 
original research carried out in India. 
Even if it takes some time to grow in 
stature we need to nurture some of 
these journals on a selective basis (a la 
journals of the Indian Academy of 
Sciences). 

C. N. R. Rao, Indian Institute of Science, 
Bangalore 560 012 


In order to achieve the national goals of 
self-reliance, economic growth and deve¬ 
lopment, we need to exploit advances in 
science and technology worldwide. This 
is only possible if our scientists and 
technologists have free access to foreign 
S&T periodicals. However, these are 
quite expensive and, presently, a signi¬ 
ficant amount of valuable foreign 
exchange is being spent on their import. 
A substantial saving of foreign exchange 
is possible if we publish these in India. 
At the same time we should promote 
our own S&T journals by maintaining 
higher standards, and encouraging our 
scientists to publish good papers in 
these journals. Their distribution world¬ 
wide should be encouraged through the 
help of international societies or publi¬ 
shers (e.g. ASM International, Trans. 
Tech.). We should ensure that* the 
papers appearing in these journals are 
abstracted widely (e.g. Chemical Abs., 


Metals Abs,, Ceramics Abs.). 

P, Rama Rao, Defence Metallurgical 
Research Laboratory, Kanchanbagh P.O., 
Hyderabad 500 258 


We have learnt from experience that 
any restriction imposed will ultimately 
defeat itself and give more powers to the 
imposing authority, which is undesirable, 
especially in a scientific environment. 
We should minimize the restrictions 
imposed from above. 

N. V. G. Sarma, Raman Research 
Institute, Bangalore 560 080 

1. That ‘many more people, who do not 
presently have access to good libraries, 
or similar other sources, will be able to 
get the latest information’ from Indian 
editions of foreign journals is a myth, 
because these are not going to be 
cheaper than the Indian journals, which 
are costly enough by themselves. 

2. There is a real danger that the ‘topics 
and areas of research’ that our scientists, 
especially younger postgraduate stu¬ 
dents, will tend to pick for pursuing will 
be determined not by what India needs, 
but by what may be ‘fashionable’, 
‘current’, or ‘frontier’ in other countries 
as projected by Indian editions of 
foreign journals/magazines. 

3. After all, we don’t allow a child to 
face the ugly realities of this world on 
his/her own until he/she comes of age 
and can take on the competition or 
challenges on more or less equal terms. 

Narendra K. Sehgal, Department of 
Science and Technology, Technology 
Bhavan, New Delhi 110 016 

The publication of Indian editions of 
journals from abroad will further invi¬ 
gorate indigenous scientific and techno¬ 
logical R&D and may bring greater 
professionalism in quicker dissemination 
of new scientific knowledge. An open- 
ended policy may be adopted, without 
unnecessary limitations on publication 
of Indian editions. A start may be made 
with some selected bread-and-butter 
journals in priority areas of various 


disciplines (e.g. ASME Transactions in 
Mechanical Engineering). 

D, V. Singh, Department of Mechanical 
and Industrial Engineering, University of 
Roorkee, Roorkee 247 667 

There is no reason why our journals 
cannot achieve international standards. 
Current Science has shown this can be 
done. Our twin problems are the diffi¬ 
dence of good scientists in offering their 
good papers to Indian journals in the 
first instance and the deficiencies in our 
refereeing system. 

M. S. Swaminathan, Sustainable Agricul¬ 
tural and Rural Development, 11 Rathna 
Nagar, Teynampet, Madras 600 018 

Individuals and institutions who wish to 
subscribe to top-class foreign journals 
are not too many; they should be 
assisted generously to subscribe to 
them. The foreign exchange outgo on 
this count will be small. The publication 
of those journals in India, on the other 
hand, is unnecessary and even harmful. 
I doubt whether such a practice is 
permitted in any country which hopes 
to build its own personality in world 
science. 

M. S. Valiathan, Sree Chitra Tirunal 
Institute for Medical Sciences and Tech¬ 
nology, Trivandrum 695 011 

An alternative method of meeting the 
situation would be to select certain 
institutions representative of their sub¬ 
ject, and give them assistance to set up 
photocopying sections. For example, the 
Geological Survey of India receives a 
large number of foreign journals. It 
could be given assistance to set up a 
photocopying section which would copy 
papers for those who want them at a 
reasonable cost. It could also list the 
titles of earth science papers published 
in foreign journals, and distribute these 
lists widely to S&T institutions and 
universities. This would be much cheaper 
than bringing out editions of foreign 
S&T journals in India. 

W. D. West, Department of Applied 
Geology, Dr H. S. Gour Vishwavidyalaya, 
Sugar 470 003 
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Grim reminders 


UNICEF's annual report, The State of 
the H^orld's Children, makes grim reading. 
Among its findings; 

—Forty thousand children are dying 
every day, nearly one every two seconds. 
Of these, nearly 8000 die because they 
have not been immunized, 7000 of 
dehydration caused by diarrhoea and 
7000 of pneumonia. 

—A hundred million children will die 
needlessly in the next 10 years. 

—'Death and suffering on this scale is 
no longer necessary’, says James Grant, 
executive director of UNICEF. The cost 
of immunization would be 2.5 billion 
US dollars—not much more—as much 
as what US companies are spending on 
cigarette advertisement. 

—A 5% diversion of military spending 
could provide 50 billion US dollars a 
year, which is needed to end absolute 
poverty on the planet within the next 10 
years. 

- -Third World governments are allocat¬ 


ing half their spending to armaments 
and ‘debt servicing’ at 400 US dollars 
for every family. 

—Only high-level political commitments 
can put low-cost solutions into practice 
on the scale needed. 

UNICEF is calling a World Summit 
for Children in September 1990 to 
discuss these important issues. 

Almost without exception the major 
health threats of today can most effec¬ 
tively be combated by changes in 
human knowledge and behaviour. The 
toll they take of children can be at least 
halved by empowering people with what 
is already known. At a conference on 
medical education that aims at shifting 
the training of doctors away from high 
technological research to using knowledge 
already available, the executive director 
of UNICEF, James Grant, said that he 
was sceptical about the willingness of 
medical schools to change. In most 
schools less than 1 % of medical educa¬ 
tion was devoted to topics listed as 
community health and health education. 
Dr Hiroshi Nakajima told the experts, 
Technology excellence must not be an 


end in itself for the medioal profession.’ 
They reiterated that four million children 
a year are still dying from diarrhoea, 
much of which can be prevented with 
such effective and inexpensive treatments 
as the use of oral rehydration powders. 

The report of the United Nations 
Working Group on slavery looks more 
like a chamber-of-horrors catalogue 
than a document. The report says that 
children are condemned to a wretched 
and inhuman existence or trained to 
pursue criminal activities or even utilized 
for purposes of organ transplants. The 
International Bureau of children expresses 
the hope that the working group would 
examine the question of human foetuses 
being sold for use in the pharmaceutical 
and cosmetic industries. 

India too has been mentioned in the 
United Nations subcommission report 
on human rights. According to it no less 
than 45 million very young children 
work in inhuman conditions. ‘Indian 
legislation prohibits treating workers as 
slaves. There is a penalty for it, a fine of 
Rs. 150.’ (!) 


Pulsar throws up problems 


D. Bhattacharya 

In the 9th November issue of Nature 
Abies et a/.^ report detailed measure¬ 
ments of the properties of the millisecond 
pulsar PSR 0021 72A discovered by 
them more than a year ago^ in the 
globular cluster 47 Tucanae, one of 
several hundred compact stellar systems 
orbiting around the disc of our galaxy. 
Their results indicate that this is indeed 
the most remarkable of all radio pulsars 
discovered so far. The pulsar has a spin 
period of 4.5 milliseconds, and the 
arrival times of the pulses show a 
periodic modulation, suggesting that the 
pulsar is in a binary system with an 
orbital period of only 32 minutes and a 
large eccentricity 0.32)1 

A very close orbit such as this is 
expected to show strong general-relati¬ 
vistic effects, and indeed Abies et ai^ 
have been able to measure two impor¬ 
tant relativistic parameters of the orbit— 
the rate of periastron advance cu, and 
the amplitude y of ‘Einstein delay’ which 


arises from a combination of the gravi¬ 
tational redshift and the transverse 
Doppler shift in the orbit. These mea¬ 
surements have enabled Abies et a/.‘ to 
obtain a complete solution for the 
parameters of the binary system and, in 
particular, to determine the mass of the 
pulsar and its companion. These turn 
out to be '^ 1 . 4 M 0 and '^O. 8 M 0 , 
typical for a neutron star and a white 
dwarf respectively. 

However, there are several surprising 
implications of this result. The first of 
these is that we are viewing the orbit 
almost face-on: the angle i between the 
line of sight and the normal to the plane 
of the orbit is only '^0.38 degrees. The a 
priori probability of viewing an orbit so 
nearly face-on is very small, ~ 2 x lO”^! 

One encounters further surprises in 
trying to understand the origin and 
evolution of this object. Millisecond 
pulsars in the galactic disc, as well as in 
globular clusters, are best understood as 


RESEARCH NEWS 

being spun up owing to accretion from 
a mass-donating companion in a binary 
system*^ The duration of mass transfer 
necessary to spin up the neutron star to 
millisecond periods demands that the 
mass-donating companion be a slowly 
evolving low-mass star 1 M(.)). At the 
end of the mass transfer such a star is 
expected to leave a 0.2~0,4 M 0 white 
dwarf in a nearly circular orbit around 
the neutron star^. Since the neutron star 
is spun up at the expense of the orbital 
angular momentum, one also expects 
the spin axis of the pulsar to coincide 
with the normal to the orbital plane. In 
those cases where the initial binary 
system is very compact, the outcome 
would probably be an isolated milli¬ 
second pulsar, the radiation from which 
would have evaporated*^ the companion 
star. 

None of these expectations, however, 
fits the properties of the millisecond 
pulsar PSR 0021-72A. Its white dwarf 
companion is too heavy to be the end 
product of the evolution described 
above. The fact that we are looking at 
the orbit face-on, and yet see narrow 
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pulses from the pulsar, suggests that the 
spin axis of the neutron star must be 
inclined at a fairly large angle to the 
orbit normal. Further, the observed 
eccentricity of 0.32 would be completely 
unexpected after a mass transfer evolu¬ 
tion. All this points to the inescapable 
conclusion^’® that the pulsar did not get 
spun up in the present binary system. 

How, then, did this system originate? 
The only possibility seems to be^’® a 
close encounter of a ~ 0.8 M 0 white 
dwarf (the present companion of the 
neutron star) with the binary system in 
which the pulsar was spun up. Given 
suitable circumstances, such an en¬ 
counter would lead to the formation of 
a temporary triple system from which 
the least massive member (presumably a 
low-mass white dwarf left after the mass- 
transfer evolution) would be eventually 
ejected, leaving an entirely new binary 
system, which we now observe. Given 
the extremely high number density of 
stars in the core of a globular cluster, 
the formation of a few such systems 
over the lO^^yr lifetime of the cluster 
is not unlikely. 

Though this appears to be a reason¬ 
able scenario for the origin of the 
present system, one still has reasons to 
worry. The orbit of such a tight binary 
will decay very rapidly owing to gravi¬ 
tational radiation, and this would lead 
to a coalescence of the components in 
only ~ 10^ yr from now. Similar argu¬ 
ments^’® regarding the past evolution of 
the system imply that it could not have 
formed more than 10 ® years before 
present. Thus, for the origin of the 
present system, one needs a rare event 
(with an average rate of occurrence of 
once ki years) to have taken 

place very recently (;$ 10 ® years ago) 
and, further, that we observe the system 
during the final -^ 1 % of its lifetime. 
Remarkable and rather uncomfortable 
coincidences! 

Bothered by the improbability of this 
system, Lyne^ has proposed some alter¬ 
native interpretations of the observed 
modulation of pulse arrival times, such 
as that arising from a precession or a 
torsional oscillation of the neutron star, 
or perhaps a binary system with a much 
larger angle of inclination i and a 
correspondingly small companion mass 
('^4x 10~^ M 0 ). A closer inspection 
shows, however, that none of these is 
really viable. Indeed, the possibility of a 
much larger angle of inclination has in 


fact been considered and ruled out by 
Abies et al} and Wijers®. A planetary- 
mass companion as suggested by Lyne^ 
would be much larger than the size of 
the Roche lobe—the critical size beyond 
which the neutron star will tidally strip 
matter from the object—unless it is 
made up entirely of heavy elements like 
pIutonium(!); and even then the tidal 
distortion of the body would be so large 
as to produce a much higher rate of 
periastron advance (a>) than observed. 
As shown by Wijers®, the measured rate 
of periastron advance already restricts 
the inclination angle i to well within a 
degree and constrains the companion 
mass to be larger than 0.2-0.3 Mq. 

There are also major difficulties 
surrounding the other possibilities sug¬ 
gested by Lyne^. If the observed 
modulation of pulse arrival times arises 
owing to a phase modulation rather 
than a binary motion, then the required 
semi-amplitude of such a phase modu¬ 
lation would be larger than tt, while the 
maximum semi-amplitude of phase 
modulation that can be obtained from 
precession is only njl (beyond this the 
apparent spin frequency gets redefined, 
but the modulation stays within %/2). 
Thus the observed behaviour of the 
pulse arrival times cannot be explained 
by a precession of the neutron star. A 
torsional oscillation of the crust with 
respect to the core can, of course, 
produce phase modulation of arbitrarily 
large amplitudes^®, but it is very 
dilTicult to imagine how such a process 
could mimic the effects of periastron 
advance or the Einstein delay in a 
binary orbit. Moreover, even if such a 
scenario could explain the observations, 
it would still make this pulsar very 
special, since no other known radio 
pulsar exhibits a similar behaviour. 

Thus, with no viable alternatives at 
present, one has to accept the inter¬ 
pretation of Abies et al} despite its 
improbability. If we do so, then there 
may be another important lesson to be 
learnt from this pulsar. The small 
probability of our being able to observe 
such a system perhaps suggests that the 
number of millisecond pulsars produced 
in globular clusters is more than what is 
commonly believed. But a serious 
problem arises in comparing the number 
of millisecond pulsars inferred in glo¬ 
bular clusters with the number of low- 
mass X-ray binaries (LMXBs), the 
progenitors of these objects. If one 


adopts the conventional lifetimes for 
low-mass X-ray binaries then it appears 
that the number of millisecond pulsars 
are far too many to be descendents of 
LMXBs^^’^^. A similar problem also 
exists in the galactic disc^^. This pro¬ 
blem may not arise if the lifetimes of 
low-mass X-ray binaries have been over¬ 
estimated, and this is likely if the mass 
accretion onto the neutron star termi¬ 
nates much earlier than one thought. A 
mechanism for this has in fact been 
suggested by Ruderman et al}, in which 
the radiation and wind from the spun- 
up pulsar prevents further accretion. 
One consequence of such an evolution 
would be that the neutron star would 
accrete only -^ 0.1 Mq and end up with 
a total mass of ^ 1.4-1.5 M 0 , as 
opposed to the standard models in 
which the matter accreted amounts to 
^0.6 Mq, and the final mass of the 
spun-up pulsar is close to ~ 2 M 0 . 
Interestingly, the derived mass of the 
pulsar PSR 0021 -72 A is only ~ 1.4 Mq. 
This, for the first time, provides a direct 
observational support for an early 
termination of mass transfer and a 
reduced lifetime of low-mass X-ray 
binaries 
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OPINION 


Indian palaeontology under a cloud 

B. P. Radhakrishna 


There have been a spate of accusations 
and counteraccusations aired in natio¬ 
nal and international journals, in recent 
months, which have had the effect of 
placing Indian palaeontology under a 
cloud. We have refrained from making a 
comment so far, in the hope that some 
positive steps would be taken by those 
in authority in clearing up the mess. 

Accusations were levelled by John A. 
Talent of the Macquire University of 
Australia against Viswa Jit Gupta, a 
professor of geology in the Panjab 
University, Chandigarh. According to 
Talent, Gupta has, over the last twenty 
years, indulged in the questionable 
practice of recycling, i.e. using the same 
specimens two or three times as basis 
for reports from areas far distant from 
each other, and has also polluted the 
Himalayan palaeontology database in 
various ways. In the process Gupta 
involved several Indian and foreign 
scientists of repute, who, believing in the 
genuineness of his fossil collections, 
unwittingly became partners in the 
deception. The localities vaguely defined 
by Gupta have been pointed out to be 
‘phantom localities’, because it is alleged 
that no subsequent worker has been 
able to find the reported fossils in these 
localities. In the ornate style of Talent, 
‘a whole circus of exotica—mainly 
invertebrate—was let loose and fossili¬ 
zed seriatum in the Palaeozoic and 
Mesozoic sequence of the Himalayas’. 

These accusations were levelled first 
in the German journal Courier Forsch- 
ungsinstitut Seneekenserg (CFS, 106, pp. 
1 -57) and later highlighted prominently 
in Science (vol 244, pp. 277-279) and in 
Nature (vol. 338, pp. 613-615). Talent 
has now renewed his attack with a 
further set of damaging evidence con¬ 
tained in a paper submitted to the 
Journal of the Geological Society of 
India for publication. Normally our 
practice has been to stay clear of 
controversial issues and confine our¬ 
selves to the main task of highlighting 
important items of research in different 
branches of geology relating to India. In 
the present case, however, a different 
approach had to be adopted because 
some of the alleged irregularities had 
been committed in papers published in 
this journal. Our denial of an oppor¬ 
tunity to publish the accusations could 


be construed as acquiescence in the 
alleged fraud. We have therefore 
thought it best to publish the paper of 
Talent J. Geol. Soc. India, vol. 34, pp. 
575-586. 

The charges levelled by Talent are of 
a serious nature, questioning the inte¬ 
grity of V. J. Gupta and a reflection on 
the reputation of a department that has 
earned a name for itself by the excellent 
record of research in the field of Hima¬ 
layan geology. What is at stake, there¬ 
fore, is not just the reputation of an 
individual scientist, but the credibility of 
Indian palaeontologists as a whole. The 
allegations cannot be dismissed as 
‘minor disagreements over taxonomy 
among experts’, as characterized by 
Gupta. 

Shashi Bhushan Bhatia, a highly 
respected Indian palaeontologist and a 
colleague of Gupta at Chandigarh, was 
the one to react immediately by address¬ 
ing a letter to the Vice-Chancellor, 
Panjab University, requesting him to 
institute an enquiry. The September 
issue of Nature (vol. 341, p. 15) carried a 
note by Bhatia, which cast doubts on 
the authenticity of Gupta’s research 
findings, particularly the Devonian ost- 
racodes of Spiti. 

Udai K. Bassi, who had participated 
in the expeditions to the Kinnaur region 
of the Himalaya points to the impossibi¬ 
lity of obtaining Devonian ostracodes 
from Kurig. A paper by Bassi questions 
the validity of the earlier fossil reports 
from Kinnaur basin [J. Geol Soc. India, 
vol. 34, pp. 587-595]. 

The foreign collaborators of Gupta- 
Webster, Janvier, Ziergler and others— 
have expressed their dismay and after 
examining the evidence have come to 
the conclusion that the specimens sent 
by Gupta to them had come from 
places other than the Himalaya. 

The volume of evidence against 
Gupta is growing. The extremely poor 
defence he has put in {Nature, vol. 341, 
pp. 11-12), the evasive way in which he 
has skirted round the main issues, and 
failed to provide clear answers to 
specific charges levelled against him 
have put Gupta in an unfavourable 
light. The only way in which he could 
retrieve his vanishing reputation is by 
offering to take a group of palaeontolo¬ 
gists to some of the controversial 


localities and prove the authenticity and 
reproducibility of his fossil finds. The 
main issue is not the specific identifi¬ 
cation of the fossil finds, but the 
authenticity of the collection itself 

The Geological Survey of India, the 
premier earth science organization in 
the country, has the resources to verify 
the truth of Gupta’s findings. If this is 
not done, the accusations and counter¬ 
accusations will continue, causing great 
damage to Indian science. The inter¬ 
national community is also likely to 
carry the impression that a fraud has 
bean committed and that Indian scien¬ 
tists by their silence and inaction have 
acquiesced in the deception. 

The editors of earth science journals 
in India have a lesson to learn from this 
episode. We have been somewhat lax 
hitherto in not insisting on precision 
and accuracy of locality data before 
accepting a paper for publication. Mini¬ 
mum requirements like accurate loca¬ 
tion data, a measured section, sample 
collection levels, the name of the person 
who collected the sample, the time when 
the trip was undertaken, and other such 
information, which help in establishing 
the authenticity of the material being 
reported, will have to be insisted on, at 
least hereafter. Scientific bodies in this 
country must give the matter earnest 
consideration and come out with guide¬ 
lines for examining such charges, and 
indicate the type of action to be taken 
in cases where the charges are proved 
and the nature of remedial measures. 

We refuse to believe that the whole of 
Himalayan geology is in disarray because 
of alleged fraud committed by an indi¬ 
vidual. If a few drops in the ocean get 
dirty for one reason or the other, the 
whole ocean does not become polluted. 
Surely, much solid work lies behind the 
build-up of the fascinating story of the 
evolution of the Himalaya. It should be 
the endeavour of all right-thinking 
men to set the record straight and 
ensure that there have been no mal¬ 
practices committed in the gathering of 
data. Allegations have been made. These 
have to be investigated. The task is not 
going to be easy. Nevertheless, it has to 
be undertaken to ensure a better future 
for Indian stratigraphy and palae¬ 
ontology. 


B. P. Radhakrishna is editor, Journal of the 
Geological Society of India. This article is 
reprinted with permission of the author. 


CURRENT SCIENCE, VOL. 59, NO. 1, 10 JANUARY 1990 


13 





S&T IN INDIA 


Convergence of medical science and 
technology—the Sree Chitra Tirunal 
Institute 


M. S'. Valiathan 


Fourteen years is less than a generation, 
and no more than a moment in the 
history of scientific institutions. That is 
the period of combined existence of the 
Sree Chitra Tirunal Institute for Medical 
Sciences and Technology in Trivandrum 
and its forerunner, the Sree Chitra 
Tirunal Medical Centre. It would there¬ 
fore seem presumptuous for it to claim 
any great influence on the growth of 
medical science in India. Nevertheless, 
the feeling that the emergence of the 
Institute marked a new departure in the 
history of medical science and tech¬ 
nology in India is too strong to be 
passed over. It is not the hospital alone, 
as there are many equally good; nor is it 
the faculty, as there are others as well 
qualified; it is the convergence of 
medical science and technology in the 
organization of the Institute that has 
made it a unique institution of its kind. 

Origin and evolution 

The Institute inherited its name from 
Maharaja Sree Chitra Tirunal, erstwhile 
ruler of the State of Travancore. A year 
after the royal gift of a hospital 
building, the Government of Kerala 
under the leadership of C. Achutha 
Menon resolved to register the Sree 
Chitra Tirunal Medical Centre as a 
society for the promotion of higher 
specialities and research in medicine. 
The concern for excellence in research 
was so great that the Government of 
Kerala took the unusual step of placing 
the Centre under its department of 
science and technology and blazed a 
trail that was to shape its growth in 
subsequent years. To gain depth at the 
expense of breadth, an early decision 
was made to limit the services of the 
hospital to cardiology and neurology. 
These opened in 1976 and attracted 
patients whose number soon gave rise 
to pressure for the expansion of hospital 
services. This was hardly surprising 
because cardiac and neurologic care in 


the country was inadequate and the 
Institute oflered free hospitalization to 
the poor and subsidized care for the 
middle-income groups. A new multi- 
storeyed block was added to accommo¬ 
date the expansion in services which 
doubled within five years of their 
appearance. 

The successful record in hospital 
services did not obscure the scientific 
objective of the Medical Centre, which 
was conceived as an institution of 
learning and research to which the 
hospital would provide clinical inputs. 
A field of endeavour that would em¬ 
brace scientific interest, social relevance 
and industrial potential had to be 
identified. The choice fell on bio- 
materials and medical devices, which 
had failed to attract the attention of 
planners and national research organiz¬ 
ations in spite of their relevance to 
patient care and large demand. A 
steadily growing market in the posl- 
Second World War years had, in fact, 
created a multi-million dollar industry 
for medical devices abroad and a 
‘guesstimate’ of India’s imports had 
placed their annual price tag at 400 5(X) 
million rupees in the early seventies. As 
the first step, the Medical Centre 
initiated a project for the development 
of PVC and titanium for medical 
applications with financial support from 
the Department of Science and Tech¬ 
nology. Apart from paving the way for 
the subsequent development of PVC 
bags for blood storage and the fabrica¬ 
tion of a titanium housing for valvular 
prostheses, the DST project served to 
build a team of scientists and engineers 
arid a favourable climate for intensifying 
the technologic effort. The acquisition of 
a new campus and the construction of a 
series of integrated laboratories quickly 
followed and produced a technologic 
counterpart for the hospital. The signifi¬ 
cance of the new experiment in integrat¬ 
ing medical science and technology was 
recognized by the Government of India, 


who brought forward legislation to 
make the institution an ‘institute of 
national importance’. The objectives of 
the Institute as defined in the Act were 
the development of biomedical engineer¬ 
ing and technology, demonstration of 
high-standard patient care, and organi¬ 
zation of integrated training programmes. 
The commencement of the Act in 1981 
was a major milestone in the history of 
the Institute. Statistics for the period 
1976 19o9 dcmonsirale the rapid growth 
of the Institute (see figures and table). 

If the staff strength rose dramatically 
from a double-digit figure to 5(X) during 
1976 1979, its subsequent increase to 
800 took a decade, a substantial part of 
the increase being claimed by the 
category of technical personnel such as 
nurses, technicians, radiographers and 
other paramedical staff (Figure 1). The 
rise in outpatient attendance, admissions, 
laboratory procedures and major opera¬ 
tions matched the increase in personnel 
(Figure 2) and highlight the large 
demand for hospital services. What the 
statistics fail to disclose is the enormous 
goodwill that the Institute receives from 
the public thank.s to its liberal policy on 
hospital services and concern for excel¬ 
lence in nursing. The figures on research 
grants, number of publications and 
patents (Table) are indicative of the 
state of health and progress of scientific 
research at the Institute. Givea its 
modest size and tertiary structure, the 
performance statistics of the Institute 
are not unimpressive. 



19'^6 19/9 I9«4 1989 


Figure 1 . Growth in personnel. 
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Figure 2. Expansion in hospital services. 


Growth of research and development at SCTIMST 

1976 1979 1984 1989 


1. Externally funded projects 

Number 0 

Funding (’000s of rupees) 0 

2. Number of patents 

Filed 0 

Sealed 0 


0 8 18 
0 102.4 376.8 


0 2 7 

0 0 3 


3. Number of publications 0 2 


26 48 


The Institute today 

Hospital wing 

The Institute has three campuses in 
Trivandrum, which house its hospital, 
technology wing and residential units. 
The hospital has 200 beds and serves as 
a tertiary referral centre for cardiovas¬ 
cular, thoracic and neurologic diseases. 
Staffed by highly qualified personnel, its 
departments have up-to-date facilities 
for diagnosis and treatment, including 
doppler echocardiography, cardiac cath¬ 
eterization with digital subtraction 
angiography, CT scan, intervention radio- 
logic procedures, balloon and laser 
angioplasty, surgery for intracranial vas¬ 
cular lesions, and open heart surgery for 
congenital and acquired diseases of the 
heart. These services are offered free of 
charge to poor patients, who constitute 
over 50% of the total, with the result 
that the supply has fallen far short of 
demand. The cardiac and neurologic 
departments are fully supported in their 
programmes by sister departments such 
as anaesthesia, biochemistry, blood 
transfusion, microbiology, pathology 
and radiology. Apart from their direct 
responsibility in patient services, all 
these departments carry out clinical and 
experimental research of their own. The 
medical record system is well developed, 
with a computerized patient data base 
and established procedures for micro¬ 
filming old charts. 

Technology wing 

The technology wing is located at the 
Satelmond Palace Campus, 8 kilometres 
from the hospital. It consists of a series 
of laboratories for research and develop¬ 
ment in biomedicine and medical 
technology. They include units for the 
technical evaluation of materials, batch 
preparation of polymers, polymer che¬ 
mistry, thrombosis research, polymer 


technology, biosurface studies, materials 
toxicology, biomaterials technology, 
pathophysiology and radiation sterili¬ 
zation (Panbit), and a tool room and 
vivarium. There are also Technoprove, a 
facility for evaluation of medical pro¬ 
ducts, and a technology transfer unit. 
The hospital and technology wings have 
separate libraries, which subscribe to 
over 450 journals and maintain excellent 
collections of books in the areas of 
interest to the Institute. While the 
technology wing has its own faculty 
hostel for scientists, the hospital wing 
has nurses’ hostels as well as a residen¬ 
tial campus, which offers flats for the 
faculty and postgraduate students and 
dwelling units for other categories of 
staff. 

Postgraduate courses 

As an institute of national importance, 
the Institute has the status of a 
university and offers regular training 
programmes leading to the DM and 


MCh degrees in cardiac and neurologic 
disciplines, and PhD in biochemistry, 
microbiology and biomedical techno¬ 
logy. The Institute also offers post¬ 
doctoral certificate courses in anaes¬ 
thesia and radiology and a post-basic 
course in cardiovascular nursing. The 
courses attract so many applicants 
from across the country that the 
available seats are hardly twenty per 
cent of the number of applicants. 

Medical technology and biomedical 
research 

Over the years the research endeavour 
of the Institute has sought to develop 
medical products or processes on the 
one hand and investigate biomedical 
problems whose immediate applications 
are less obvious on the other. These 
efforts have Tcceived equal encourage¬ 
ment as the line of demarcation between 
applied research and basic research is 
ill-defined and misleading in the bio¬ 
medical field. From the organizational 



Cardiac catheterisation iaboratory. State-of-the-art facilities 
including digital subtraction angiography for cardiac diagnosis, 
angioplasty and other procedures 
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Disposable blood bag, Among its merits, ability for component 
separation and avoidance of reuse rate high. 


standpoint, the development of products 
or processes does call for a multidisci¬ 
plinary approach whereas the investiga¬ 
tion of ‘basic problems’ is often the 
work of a single group whose need for 
collaboration with other disciplines may 
be small. It is appropriate to discuss a 
series of examples to get a flavour of the 
ongoing effort at the Institute in medical 
technology and biomedical research. 

Development of medical devices 

As blood bags for collection, storage 
and component separation of blood are 
indispensable for a transfusion service in 
the country, the Institute developed the 
technology for blood bags in conformity 
with international standards as the first 
essay in product development. Based on 
a PVC compound with negligible levels 
of leaching of phthalate, the blood bags 
are already being produced commerci¬ 
ally by a joint-sector company. It is 
pertinent to note that blood bags are 
manufactured by no more than a 
handful of countries in the world. This 
was followed by the development of a 
Wood oxygenator and a cardiotomy 


reservoir, two disposable devices used in 
open-heart surgery, currently imported. 
Industry-sponsored pilot production of 
these complex devices is now on and 
commercialization of production is 
expected at the conclusion of the current 
trials. Development of a stainless steel 
dental band, a tilting disc heart valve 
and a hydrocephalus shunt has advanced 
sufficiently for production to be expected 
within the next two years. The Institute 
estimates that the annual production of 
medical devices based on its technologies 
may be worth several tens of millions of 
rupees by the end of the Eighth Plan 
and that they may trigger the growth of 
a medical devices industry in the 
country. Without exception, the deve¬ 
lopment of these technologies has in¬ 
volved the closest collaboration between 
the departments and divisions of the 
biomedical technology wing and the 
hospital. 

Biomedical research 

The variety and scope of the research 
effort in biomaterials and medical scien¬ 
ces offer a study in contrast to the 


product-oriented approach of medical 
technology. A major investigative pro¬ 
gramme, for example, is focused on 
prosthetic surfaces and their modifica¬ 
tion for biocompatibility. A variety of 
techniques have been employed to graft 
albumin, hydrogels, biomolecules like 
prostaglandin Ej, polyelectrolytes, uro¬ 
kinase complexes and indomethacin to 
foreign surfaces in an effort to improve 
the blood compatibility of the latter. 
These studies involve not only the 
development of new procedures for the 
immobilization of biomolecules and 
their characterization but also excur¬ 
sions into the experimental application 
of modified surfaces. The applications 
include small-diameter vascular graft, 
haemodialysis membranes and artificial 
skin. The aim of these wide-ranging 
studies is to deepen our understanding 
of biocompatibility and, ultimately, to 
tailor artificial substrates for living cells. 

Another aspect of biomaterials research 
relates to the preparation and evalua¬ 
tion of hydrogel microspheres for appli¬ 
cation in embolotherapy, which has 
established itself in the management of 
haemorrhages, arterio-venous malfor¬ 
mations and malignant tumours. In 
initial experiments, high-water-content 
microspheres were derived by a special 
process from cross-linked polymethyl¬ 
methacrylate by alkaline hydrolysis. A 
procedure to prepare microspheres of 
desired size was also developed. The 
microspheres prepared in this manner 
not only successfully passed tests for 
biocompatibility and occlusive ability in 
an animal model but also offered a spin¬ 
off benefit as microcarriers for ^ the 
culture and propagation of anchorage- 
dependent mammalian cells. More rec¬ 
ently, many novel materials in the form 
of microspheres have been developed to 
provide radio-opaque materials, which 
are necessary for clinical embolothe¬ 
rapy. The cross-linked polymethylmeth¬ 
acrylate microspheres have in fact been 
cleared by the Institute’s ethics commit¬ 
tee for clinical trial. 

Turning from the prosthetic to the 
biological end of the research spectrum, 
one may take note of the studies on 
platelet aggregation, which looms large 
in the field of coagulation. Making use 
of available information, a sequential 
shape change and interaction model of 
platelet aggregation kinetics was pro¬ 
posed and a rate equation derived on 
the basis of the model to provide a 
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Disposable blood oxygenator. With bubble 
chimney, dofoaming chamber and heat ex- 
clianger, serves as the 'lung’ during hearHung 
bypass or open-heart operations. 

rationale for interpreting platelet aggre¬ 
gation kinetics. A spectrophotonictric 
method was also developed to follow 
single-platelet recruitment into aggre¬ 
gates. Using these tools the aggre¬ 
gation kinetics was found, except in the 
case of ADP-induced aggregation, to 
follow a positively cooperative pattern 
modifiable by filatclet antagonists. Iliese 
investigations led to the discovery of a 
platelet haemoprotein that could appa¬ 
rently function as receptor for platelet 
activating factor, PGH 2 and several 



Human myocardial celts in coltur®. Test of a 
hypothesis for aetiology of endomyocardial 
fibrosis. 


unsaturated fatty acids, and mediate in 
the effect of agents such as Ca^^, 
and diltiazem. The implications of these 
studies for antiplatelet therapeutics are 
obvious. 

From platelets, one moves on to the 
study of cell~cell communication and 
the interaction of sugar-binding proteins 
(lectins) with their cell-surface glycocon- 
jugate receptors. The isolation and 
characterisation of a new high-molecu- 
lar-weight galactose-binding lectin from 
bovine heart muscle was followed by 
studies on lectin receptors and lectin- 
receptor interaction in mammalian 
brain in which three different lectin- 
binding glycoproteins were shown. Anti- 
galactoside antibody (anti-Gal), present 
only in human and Old World monkey 
sera and capable of preventing tumour 
cells from anchoring to lung basement 
membrane, was purified to homogeneity. 
Efforts to isolate plant galactose-bind¬ 
ing lectins resulted in the purification 
and characterization of three lectins. 
Investigations on several aspects of 
lectins form a major part of biochemical 
research at the Institute. 

In the domain of medicine, it was 
inevitable that endomyocardial fibrosis 
should claim attention, because of its 
prevalence in Kerala. Studies on the 
disease, which is a form of cardiomyo¬ 
pathy, became the nucleus for the 
advanced centre for cardiomyopathies 
sponsored by the Indian Council of 
Medical Research at the Institute. Re¬ 
ported Irorn Kerala more than two 
decades ago and noted in Africa earlier, 
its causation had remained an enigma 
wrapped in an eosinophilic hypothesis. 
Analytical studies carried out in colla¬ 
boration with the Bhablia Atomic 
Research Centre, Bombay, however 
showed that the endomyocardial tissues 
of patients contained significantly higher 
concentrations of cerium and thorium, 
which are constituents of the nionazite 
soil of Kerala, and lower levels of 
magnesium than control samples. These 
findings suggested a geochemical, rather 
than an eosinophilic, basis for the 
disease and placed its aetiopathogenesis 
in a nontraditional context. The geo¬ 
chemical hypothesis is currently under 
validation by experimental production 
of the disease in animals and by further 
studies of magnesium-cerium interaction 
at the cellular level in a human myo¬ 
cardial cell culture system. 

In summary, the research programmes 


of the Institute are varied, exciting and 
n^ver far from the human situation. 

Conclusion 

There is a general impression that Indian 
iastitutions of learning follow a charac¬ 
teristic pattern of evolution during the 
first forty to fifty years, when they pass, 
sequentially, through phases of rapid 
growth, plateau, decline and bureaucratic 
ossification. Whether one subscribes to 
this theory or not, there is little doubt 
that sustaining institutional excellence is a 
greater challenge than creating it, parti- 
cuh rly in India. Young as it is, Sree 
Chitra Tirunal Institute can hope to pre¬ 
serve excellence and escape the usual fate 
only to the extent that it generates ideas 
that respond to the changing demands of 
medicine and health-care technology in 
the country. Herein lies the challenge as 
well as an opportunity for the Institute. 

l)emographers estimate that India’s 
population may stabilize around 1.5 
billion by the middle of the next century. 
The greatest challenge, if not nightmare, 
for the medical planner is the provision of 
adequate hospital services to the growing 
milli«>ns, who will refuse to settle for 
conditions of wretchedness in hospitals in 
the years to come. Nor can the medical 
planner ignore the steady advances in 
medicine worldwide, which will escalate 
the demand for similar practices nearer 
home and add to the problem of 
inadequacies in our hospital services. 
Unfortunately, as our hospital practice 
survives on the import of instruments, 
medical devices, biotechnology piixiucts 
and even ideas, high-quality patient 
care cannot but remain out of reach for 
the bulk of our population. In confront¬ 
ing the hardest problem of expanding 
high-quality care, one may, however, be 
closest to its answer, which technology 
akme can supply. As the last sands of 
the twentieth century run out, Sree 
Chitra Tirunal Institute may have its 
finest hour in giving a technological 
uplift to the hospital services of the 
nation and increasing their accessibility. 
It can render no better service and 
bequeath no greater heritage to the next 
hundred years of medicine in this 
country. Nor can there be a stronger 
vindication of the unified vision that 
animates its endeavour. 

M. iV. Valiathan is Director, Sree Chitra 
Tirunal Institute for Medical Sciences and 
Technology, Trivandrum 695 OIL 
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Science and nutrition in the future 

C. Gopalan 


All exercises that seek to predict the future have their 
inherent limitations, even when they are seemingly 
based on careful analysis of past trends. The most 
objective analysis cannot fully allow for all the 
uncertainties and imponderables that could ultimately 
affect the future course of events. 

Our chastening experience over the last few decades 
must sound a clear warning against rash (‘old- 
testament’) prophecies with respect to the global 
nutrition scenario of the future. Paul and William 
Paddock \ for example, had predicted in the 1960s, on 
the basis of projections based on then prevailing trends, 
that acute food shortage and widespread famine would 
overtake India in the year 1975. By a strange 
coincidence, 1975 proved to be the year when India 
achieved a bumper harvest and recorded its (till then) 
highest level of food grain production! The Paddocks 
had not anticipated the Green Revolution. Later 
predictions had set the date for India’s ‘disaster’ at 
1985. India survived! It is now clear that, contrary to 
earlier ‘Malthusian’ predictions, the major factor that 
underlies not just India’s problems of undernutrition 
but global undernutrilion as well is not overall shortage 
of food grains but low purchasing power and consequent 
limited access to food of vast sections of people. 

In the early ’70s, global food resources had dropped 
alarmingly to the point that only 20 ‘food days’ were 
thought to be left on this planet to feed the growing 
population. The major concern at the World Food 
Conference of 1974, convened in the grim shadow of 
that food security crisis, was to achieve an increase in 
global agricultural production because most predictions 
had then indicated that there was not going to be 
enough food on this planet to feed its citizens. Almost 
within 10 years there has been a sea change. Today we 
have the situation When increased food production has 
been achieved, but the number of hungry people in the 
world is steadily growing. Because of increasing income 
inequalities, between countries and within countries, 
millions of poor around the world do not have 
adequate access to food; we are witness to the cruel 
paradox of global food surpluses reaching record levels 
on the one hand, and vast pockets of growing hunger 


C, Gopalan is President, Nutrition Foundation of India, B-37 
Gulmohar Park, New Delhi U0049. This article is the text of a 
plenary lecture delivered at the XIV International Congress of 
Nutrition, Seoul, South Korea, 22 August 1989, and is printed with 
permission of the author. 


around the world on the other. The ‘food crisis’ of the 
early ’70s has given way to the ‘debt crisis’, and many 
developing countries are being forced to ‘manage’ their 
economies in a manner that prevents them from 
effectively addressing the problems of poverty and 
hunger among deprived sections of their populations. 

A report of the World Bank^ in 1986 sums up the 
situation thus: ‘The world has ample food. The growth 
of global food production has been faster than the 
unprecedented population growth of the past 40 years. 
Prices of cereals on world markets have been falling. 
Enough food is available so that countries that do not 
produce all the food they want can import it if they can 
afford to. Yet many poor countries and hundreds of 
millions of poor people do not share in this abundance. 
They suffer from a lack of food security, caused mainly 
by a lack of purchasing power.’ This is a picture sharply 
at variance with the concerns of the early ’70s. 

Predictions as to the future of global nutrition have 
now become even more hazardous and call for even 
greater circumspection and caution than in the past. On 
the one hand, recent breathtaking advances in bio¬ 
technology (if wisely handled) offer the promise of a 
plentiful world; on the other hand, the increasing and 
hardening North-South divide threatens to accentuate 
prevailing disparities between the ‘affluent few’ and the 
‘deprived many’. Also, emerging evidence of increasing 
global environmental pollution holds out imponderable 
far-reaching possibilities with respect to the future of 
mankind itself—possibilities from which there may be 
no ‘escape’ even for the ‘haves’. 

The past and the present 

Before considering possible future trends, it may be 
useful to take a brief look into the past and the present. 
According to a recent report of FAO^, ‘the 
outstanding fact in food and agriculture is that the past 
25 years have brought a better-fed (?) world despite an 
increase of 1.8 billion in the world population’. The 
FAO claim of a ‘better-fed’ world is apparently based on 
its finding that the ‘average food availability rose from 
2320 calories per caput in 1961/63 to 2660 calories 
(2420 calories for direct human consumption) in 
1980/85. However, as the same FAO report later 
concedes, the ‘average’ in a world of glaring (and 
growing) inequalities is a statistical illusion. A report 
of the UN World Food Council‘s in 1985, on the other 
hand, brings out the disturbing finding that, while 
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between 1970 and 1980, 1.5 million more people were 
being added annually to the ranks of the ‘hungry’ of the 
world, this average annual ‘hunger growth rate’ showed 
a five-fold increase after 1980; and this could not be 
entirely explained by the African crisis. Thus between 
1980 and 1985 alone, as many as 40 million more 
people of the world had to join the ranks of the 
hungry—i.e. eight million more annually. These figures 
would indicate that income disparities and consequent 
poverty, which were somewhat held in check in the ’70s 
became worse in the early ’80s. As a result, despite 
significant increase in global food production, the 
nutrition situation in the ’80s had actually deteriorated. 
Indeed, it would appear that, as global food production 
increased, economic disparities between and within 
countries actually worsened. 

Estimates of actual numbers of hungry people in the 
world would naturally vary depending on the definition 
of ‘hunger’. Using a ‘stringent’ definition of hunger as a 
level of energy intake less than 1.4 times the basal 
metabolic rate, an FAO report‘d had estimated the total 
number of people afflicted by chromic hunger in 87 
developing countries to be 512 million in 1983/85, or 
21.5 per cent of the population. The ‘threshold’ level of 
energy intake used by FAO for the above computation, 
which is below 80 per cent of the FAO/WHO recom¬ 
mended level of energy Intake, has been considered as 
representing ‘not enough calories to prevent stunted 
growth and serious health risks’. Using a more humane 
criterion^—namely ‘not enough calories for an active 
working life’, which represents an energy intake less 
than 90 per cent of the FAO/WHO recommendation— 
the World Bank^ had arrived at an estimate of 730 
million, or 34 per cent of the population, afflicted by 
chronic hunger. A comparison of the trends in the ’70s 
and in the early ’80s would, however, show that in the 
’80s there has been a remarkable acceleration in the 
growth of hunger (Table 1). 

One may perhaps argue about what constitutes 
‘hunger’—and there are always those who would 
postulate that people living on diets that provide much 
less than internationally recommended levels of energy 
intake are not ‘hungry’ but have become ‘culturally 
adapted’ to low intake! But there can be no such 
‘arguments’ about death. Infant and child mortality 
rates in the developing countries had significantly 
declined during the ’60s and ’70s. According to a 


Table 1. Estimates of global hunger in 87 
developing countries 



FAO’*' 

World Bank! 


estimates 

estimates 

Year 

(millions) 

(millions) 

1970 

460 

676 

1980 

475 

730 

1985 

512 

_ 


Source: 4, tref. 2. 
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UNICEF report^*", during the early ’80s this process has 
not only been slowed down but has actually been 
reversed in some cases. The decline in infant and child 
mortality rates is reported to be slowing down in sub- 
Saharan Africa. In a survey of 10 developing countries, 
UNICEF'"’ reported that infant and/or child mortality 
rates had begun to rise in three, and in the rest the 
earlier rate of decline had slowed down; in eight 
countries the nutritional status of children had actually 
worsened since the early ’80s. 

Perhaps the only finding that could provide us some 
comfort is that the percentage of the hungry has 
declined in all developing countries except those of 
Africa. This only means that the hunger growth rate 
has fortunately not exceeded the population growth 
rate in these countries. 

According to a World Bank Report^, nearly 64 per 
cent of the hungry live in South Asia, 23 per cent in 
Africa, seven per cent in Latin America and six per cent 
in the Near East (Table 2). Since, in the wake of the 
disastrous famine in Ethiopia and the unfortunate food 
situation in sub-Saharan Africa, global attention has 
largely shifted to Africa, it is important to draw 
attention to the following observations of UNICEF^ 
which could help in restoring global perspective: ‘In the 
last two years more children have died in India and 
Pakistan than in all 46 nations of Africa put together.... 
In 1986 more children have died in Bangladesh than in 
Ethiopia, more in Mexico than in the Sudan, more in 
Indonesia than in all eight drought-stricken countries of 
the Sahel...’. This is not to argue against the well- 
deserved focus on Africa but to remind ourselves that 
the problem of global hunger is much larger and wider. 

The major message that stands out of this brief 
survey is that the future challenge in the matter of 
combating global undernutrition will lie not only in 
devising new technologies and strategies for augmenting 
food production (important as they are), but also in 
overcoming and dismantling those systems and policies 
that contribute to the perpetuation and aggravation of 
glaring socioeconomic inequalities between the deve¬ 
loped and developing countries on the one hand, and 
within developing countries themselves on the other. In 
short, the war against hunger is essentially a war 
against ‘poverty*. This is not to say that we may now 


Table 2. Distribution of hunger in 87 developing 
countries 


Developing countries 

Population (millions) 

South Asia 

470(64%) 

Africa 

170(23%) 

Latin America 

50(7%) 

Near East 

40(6%) 

Total 

730 


Figures in brackets are percentages of respective 
populations with respect to total ‘hungry population'. 
Source: Ref. 2 (tables 2 and 3). 
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relax our efforts at augmenting food production. 
According to even conservative estimates the global 
population by the turn of the century would have risen 
from the present five billion to over six billion, 90 per 
cent of this increase being contributed by developing 
countries. Thus, even to maintain present levels of food 
consumption, the world has to achieve a minimal 25 
per cent increase in overall food supplies within the 
next 15 years. 

Emerging trends in the nutrition scenario 

As we approach the end of this century, indications of 
the changing profile of global undernutrition are 
becoming discernible; and these are likely to get into 
sharper focus in the early part of the twentyfirst 
century. Some of the major emerging trends may be 
briefly outlined. 

Elimination of acute large-scale famines 

It would seem reasonable to predict that the acute large- 
scale famines that used to decimate vast sections of 
populations of developing countries at distressingly 
frequent intervals during the last few centuries are 
unlikely to recur in future, except perhaps in some 
unfortunate parts of sub-Saharan Africa. There is today 
no global food shortage; administrations in developing 
countries and the international community have now 
acquired considerable expertise in ‘crisis management’ 
with respect to acute food shortage. Food which is avail¬ 
able within an even outside the countries concerned can 
now be expeditiously rushed to threatened spots; early 
warning systems are now apparently far more efficient 
than in the past, and food distribution during 
emergencies better organised. It must also be said that 
developed countries, which have generally not shown 
much enthusiasm for changes in the present exploitative 
international economic order, have been more forth¬ 
coming and generous in the matter of responding to 
calls of distress. With better communications, news of 
acute famines afflicting large population groups, unlike 
in the past, now hit the headlines of the national and 
international press. Large-scale famines imply an 
indictment of present (national and international) 
economic order which, unlike that in the case of 
‘chronic silent hunger’, is too loud and insistent to be 
ignored; political compulsions will demand that they 
are quickly aborted. 

Decline in tfpe incidence of florid forms of undernutrition 

In most developing countries, unlike in the case of 
developed countries of Europe and North America, the 
‘health reyolution’ (thanks to modern health technology) 
appears to have preceded socioeconomic development. 
Health services in developing countries, both with 


respect to outreach and quality, are improving much 
faster than income levels. Countries currently unable to 
overcome poverty are at least able to institute ‘death- 
control’ and ‘child-survival’ strategies like the oral 
hydration programme and universal immunization. As 
a result, infectious diseases, which generally play the 
major role in the aggravation of undernutrition and its 
progression to a fatal termination, are being controlled, 
even.in the continuing presence of poverty and dietary 
inadequacy. ‘Conditioned’ undernutrition (conditioned 
by the superimposition of infections) may be expected 
to decline, even if primary undernutrition (due to 
primary dietary inadequacy) continues. 

Even before the end of the first half of the present 
century, beri-beri (cardiac and ‘dry’), which used to be 
an important public health problem among rice-eating 
populations in parts of Asia, had markedly declined. 
Classical pellagra is now limited to small pockets and is 
not a serious health problem either. There is now 
evidence that florid forms of PEM (protein-energy 
malnutrition) like classical kwashiorkor are on the 
wane. With better control of measles and diarrhoeal 
diseases, the incidence of keratomalacia may also be 
expected to diminish. Iodine deficiency diseases (despite 
the inept manner in which goitre control programmes 
are being implemented in some countries) are bound to 
eventually decline since the technology for goitre 
control is well within the reach and competence of all 
developing countries. The decline of these diseases will 
be more rapid in some countries than in others. 

All this would imply that increasing numbers of 
undernourished children will survive and reach adult¬ 
hood. If developing countries are content with this 
result and stop short with death-control strategies, their 
populations will only be progressively burdened with an 
increasing pool of substandard survivors—a situation 
that could only lead to further erosion of the quality of 
their human resources. This is not an argument against 
measures to ensure child survival; it is a warning 
against stopping short with such measures. Strategies 
that may be adequate to ensure ‘survival’ will not be 
adequate to ensure good health and nutrition; the latter 
will need far greater inputs. The ‘distance’ in the 
developmental journey that has to be covered between 
the point of achievement of better ‘child survival’ on the 
one hand, and the point of optimal health and nutrition 
on the other, constitutes the crucial twilight phase—the 
transitional stage—of development, the important last 
stretch that will make the real difference between an 
underdeveloped and a developed society. This phase 
has to be traversed expeditiously. This will be the major 
challenge that will confront several, developing countries 
in the next three decades. 

The demographic transition 

Several developing countries are currently implementing 
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fertility control programmes as an important part of 
their plans. Though the impact of these programmes 
has been varied and, as yet, not spectacular in many 
developing countries, there is no doubt that the 
demographic transition is gathering momentum. Apart 
from fertility control measures, because of improvement 
of health services, life expectancy is also increasing. 
These developments will be inevitably reflected in 
progressive ageing of populations of developing countries, 
at an even faster rate than what may be expected in 
developed countries. Thus, according to a UN report^, 
children below 15 years in the ‘less developed’ countries 
of the world in the year 2025 will constitute only 25.8 
per cent of the total population of those countries as 
against 39.4 per cent in the year 1980; and ‘old’ subjects 
above 60 years of age will be 12.4 per cent of the 
population as against 6.3 per cent in the year 1980-a 
doubling of the proportion of the aged (Table 3). In 
1980, the aged (over 60 years of age) constituted 13 per 
cent of all dependents in developing countries, the other 
87 per cent being accounted for by children under 15 
years of age; by the year 2025, however, the aged will 
constitute a third of the population of dependents in 
the less-developed countries, with young subjects under 
15 years of age accounting for only two-thirds. Indeed, 
in some developing countries of Asia, the ageing trend 
promises to be even more rapid. Thus it has been 
projected that the percentage of population aged 60 
years and over, which stood at around five per cent in 
1980 in Indonesia, the Philippines and Thailand, will 
show a three-fold rise to 13 to 17 per cent by 2030. 
Since, at least in the older age groups even in 
developing countries, women outnumber men (see, for 
example, Table 4 and Figure 1), it may be expected that 
a major proportion of ‘old’ dependents will be women. 

The problems of an ageing society which also happens 
to be poor will be qualitatively different from those of 
an affluent ageing society. In the case of the former, the 


Table 3. Projected change in the profile of ‘dependency ratio’ in 
the world 



Distribution of dependent 


population 


Age group (years) 

1980 

2025 

Less-developed regions 

0-14 

87% 

68% 


(39.4) 

(25.8) 

>60 

13% 

32% 


(6.3) 

(12.4) 

More-developed regions 

0~14 

60% 

46% 


(23) 

(19.7) 

>60 

40% 

54% 


(15.2) 

(23.6) 


Figures in brackets indicate age group population as a percentage of 
the total population. 

Source: Ref. 7. 


Table 4. Sex ratio (no. of females per KXK) males) 
by age above 60 years for the more-developed and 
the less-developed regions, 1985 


Age 

(years) 

More-developed 

regions 

Less-developed 

regions 

60-64 

1311 

1013 

65-^9 

1399 

1064 

70-74 

1563 

1122 

75-79 

1721 

1245 

>80 

2237 

1451 


Source: Ref. 7 (table 6). 


disabilities incidental to old age will be greatly 
aggravated by superadded disabilities arising from 
primary dietary inadequacy and undernutrition. Under¬ 
nutrition among the aged will be a far more important 
problem in the developing than in the developed 
countries. The proportion of the poor and under¬ 
nourished among the aged in the developing countries 
will be higher than their proportion in the population 
of these countries as a whole, for the obvious reason 
that in the situation that generally obtains in a poor 
society, wherein workers’ wages are related to producti¬ 
vity and physical stamina, the aged poor will find it 
hard to earn their livelihood. Under the impact of 
‘modernization’, still-prevailing cultural traditions and 
value systems, which now ensure that the elderly are 
looked after by their offspring, may get progressively 
eroded. 

Developing countries will be increasingly compelled 
to address the nutrition problems of the aged within the 
next few decades. Allocations for the welfare of the aged 
and arrangements for this purpose will become 
increasingly necessary. Unlike in affluent countries 
where old age pensions and substantial allocations for 
the welfare of the aged are possible, poor developing 
countries will be hard put to decide whether their 
meagre resources should be deployed for the protection 
and promotion of the nutritional status of the young or 
for looking after the aged. The powerful ‘economic’ 
arguments in favour of ‘investments’ on the young, who 
are the harbingers of the future, will not apply to the 
aged; the case for the latter must rest on ‘humanitarian’ 
grounds. 

It is, however, to be hoped that, at least in this area, 
the East will not have to blindly copy the Wet. ‘Old age 
homes’ where the elderly are lonely and isolated, 
however comfortable and well-appointed they may be, 
are a repudiation of the culture and civilization of the 
East. The challenge to leaders in developing countries is 
to ensure that in the quest for modernism and material 
affluence, the East does not discard the values and 
traditions that have been the hallmark of its culture 
and which, over the centuries, had provided it with the 
fortitude to tide over poverty and privation. There must 
be many imaginative ways by which the elderly can be 
enlisted for productive welfare programmes. In the 
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Tamil Nadu Nutrition Programme {not the World 
Bank-assisted one), for instance, elderly ‘destitute’ 
women of the village had been entrusted the job of 
overseeing feeding operations; this is one way and there 
must be several others. What the elderly seek is not 
comfort in solitary splendour but an opportunity to be 
part of their society in useful ways which will lend them 
dignity and emotional satisfaction. 

Gromng importance of urban undernutrition 

Industrial development, practically in all developing 
countries, has inevitably led to migration of rural 
labour to urban areas in search of employment. This 
process will gather further momentum in the decades 
ahead. The poor who migrate to urban areas have no 
access to the urban land market, and housing facilities 
for labour are poor in most cities. As a result urban 
slums are growing at a distressingly rapid rate in most 
developing countries. The bigger the city the greater is 
the proportion of its slum-dwellers. Thus, in 1981 in 
India, while the slum population constituted 20 per cent 
of the population of medium-sized cities (with popula¬ 
tions below one million), it accounted for more than 
one-third of the population of cities with populations 
exceeding one million®. Almost 40 per cent of the 
population of the metropolitan cities of Bombay and 
Calcutta in India were living in urban slums in 1981, 
and quite a good proportion of them on pavements. It 
would appear that in African and Latin American 
metropolitan cities the situation is even worse, possibly 
because of the even faster pace of urbanization 
(especially metropolitanization). 

While it is generally the case that the nutritional 
status of the urban poor is somewhat better than that 
of their rural counter-parts, studies of the National 
Nutrition Monitoring Bureau in India covering 16 
major Indian cities have actually shown that the 
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nutritional status of urban slum-dwellers in India is no 
better than that of poor rural labour^’(Table 5). 

The urban population of all developing countries will 
rise rapidly in the next three decades, and even with the 
most efficient management of the urban influx, it may 
be expected that at least one-third of this urban 
population will be living in slums. It is estimated, for 
example, that the urban population of India, which is 
currently 24 per cent of India’s population, will increase 
to 35 per cent in 2011 AD. The total urban population 
in 2000 AD will clearly exceed 300 million, and more 
than 100 million of these will be in urban slums®. The 
nutritional problems in urban slums in developing 
countries will have to recieve for greater attention in 
future than they did in the past. 

The features of urban undernutrition will sharply 
differ from those of rural undernutrition in many 
important respects, including seasonality. The advantage 
of easier access to health centres in urban areas will be 
negatived by the disadvantages of crowding, insani¬ 
tation and industrial pollution. Food expenditure could 
constitute a lower proportion of total expenditure in 
urban areas and dietaries could be expected to be 
actually poorer. The studies of NNMB in India referred 
to earlier had shown that the diets of urban slum- 
dwellers are poor. Since urban undernutrition is more 

Table 5. Percentage distribution of l~5-year-old children 
according to Gomez’ classification 

Weight as % pf standard 

Category >90 75-90 60-75 >60 


Boys 


Urban slum* 

9.0 

39.0 

42.5 

9.4 

Ruralt 

9.9 

40.8 

39.2 

10.1 

Girls 

Urban slum 

16.8 

43.0 

34.6 

5.6 

Rural 

19.1 

45.6 

29.6 

5.7 


Source: *Ref. 10, ^ref. 9. 
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'visible’, the expanding slums could be a source of 
increasing political unrest; political considerations 
could compel disproportionately higher allocations of 
developmental budget for the urban sector to the 
neglect of the still large rural sector, even as the 
organized industrial urban labour have managed to 
extract a bigger slice of the cake than the unorganized 
rural labour. Thus the next three decades will bring to 
increasing focus, in the developing countries, the 
problems involved in the agonizing choices with respect 
to apportioning of meagre resources as between the 
'young’ and the old, and as between the rural poor and 
the urban poor. 

The double burden 

As the poor countries of today move up the develop¬ 
mental scale and achieve increasing economic prosperity, 
their current problems associated with poverty and 
undernutrition could gradually give way to a new set of 
health/nutrition problems attributable to affluence and 
overnutrition. Degenerative and neoplastic diseases in 
these countries could rapidly escalate in the next three 
or four decades. The challenge that many developing 
countries will face in the early part of the next century 
will be to ensure that the momentum of the develop¬ 
mental process does not carry them over to the other 
side of the hill, as indeed it has done in the case of most 
developed countries of today (Figure 2). This scenario 
in effect suggests that the relationship between rising 
affluence on the one hand and optimal health/nutrition 
on the other is not linear; that there comes a point 
when unbridled affluence could begin to prove 
deleterious and may need to be vigorously checked. As 
much care with respect to avoidance of dietary excesses 
could become necessary in future as is now needed to 
overcome dietary deficiencies. 

Indeed, with respect to many developing countries, it 
seems likely that over a great part of the first half of the 



1 Bangladesh 2. Nepal 3. India 4. Indonesia. 
5, Thailand 6, Malaysia 7. Singapore 8. Japan 


Figure 2. Impact of development on the profile of public health (a 
diagrammatic illustration). 


next century, they may have to carry the double burden 
of ‘old’ problems of undernutrition and poverty which 
they have eradicated only partially and ‘new’ health/ 
nutrition problems arising from affluence and nutrition 
(Table 6). These two sets of problems—the two ends of 
the health/nutrition spectrum—may exist side by side in 
the poor and affluent sections, respectively, of their 
populations. Given the current income disparities in 
many countries, this is by no means an unlikely 
scenario. Thus it has been reported that the prevalence 
of coronary heart disease in urban Delhi is over six 
times (7.3 per cent) that in its rural environs^ ^ 

We had already pointed out that developing 
countries will in future have to simultaneously fight 
problems of undernutrition among children and the 
rural poor on the one hand and new problems of 
uhdernutrition among the aged and the urban slum- 
dwellers on the other. All this would imply that the 
health systems and the administrations of these 
countries must achieve a greater degree of versatility 
and resourcefulness in order to combat an even broader 
spectrum of problems of malnutrition. This would call 
for a wider range of expertise and inputs in future than 
in the present and the past. 

Because of these developments, we may predict that, 
as we move to the twentyfirst century, the science of 
nutrition will become even more relevant and important 
to mankind than what it is today. Nutrition scientists 
may have to devote more attention to the effects of so- 
called marginal and moderate undernutrition on human 
function and behaviour, an area that would call for a 
great deal of sophisticated interdisciplinary effort; to 
problems of undernutrition in the aged; to the role of 
nutritional factors in the pathogenesis and progression 
of degenerative diseases; to changes in micronutrient 
composition (especially trace-element composition) of 
foods following on changes in soil chemistry induced by 
intensive agricultural technology, and the impact of 
such changes on health and nutritional status of 
populations; and to the possible health/nutrition impact 


Table 6. Death rates due to various causes in some SEAMIC 
countries and the USA 




Deaths per 100,000 population 


Cause of death 

Japan 

Malaysia Thailand 

Indonesia 

USA* 

Cancer 

164.2 

11.41 

29.9 

0.03 

194.7 

Coronary heart 
disease 

39.5 

13.7 

1.4 

0.3 

216.0 

Hypertensive 

disease 

8.8 

1.2 

3.2 

0.2 

12.9 

Cerebrovascular 






disease 

101.7 

11.1 

9.2 

1.2 

62.1 

Diabetes 

Chronic liver 

7.5 

1.6 

3.4 

0.25 

15.4 

disease 

13.7 

1.1 

8.0 

0.6 

10.9 

Accidents 

45.8 

13.1 

24.8 

0.3 

39.5 


Source: SEAMIC Health Statistics (1988), ’•'World Health Statistics, 
WHO (1988). 
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of the powerful newly emerging biotechnologies with 
their possible unimponderable side-effects. 

The challenge of the future 

The demands of global nutrition in the coming decades, 
and indeed in the next century, will pose formidable 
challenges to science. On the one hand, scientists have 
to ensure that the present momentum of agricultural 
production is maintained and augmented in order that 
there is enough food to feed the world’s growing 
population; also, the tempo of industrial development 
has to be maintained and widening job opportunities 
must become available to ever-increasing numbers of 
people around the world, so that people freed of 
poverty could find access to food. On the other hand, in 
pursuing the above objectives, great care has to be 
taken that the mounting environmental hazards already 
unleashed by the developmental process are not only 
not further aggravated, but are effectively contained 
and combated. This implies that alternative strategies in 
the field of energy, agriculture and industry will have to 
be identified. It is also to be ensured that the emerging 
powerful tools of biotechnology are used in a manner 
that will not aggravate current inequalities but for 
the benefit of mankind as a whole. Environmental 
hazards, which are growing in their dimensions, are of 
concern not just to developing countries but to 
developed countries and to the world as a whole. Some 
of these concerns are briefly highlighted below. 

Deforestation 

The denudation of the world’s forest cover has 
proceeded during the last several years at an estimated 
rate of about 11.5 million hectares per year. As a result 
of such deforestation, plains and valleys are being 
subjected to recurrent excessive flooding. In India, for 
example, more than 20 million hectares of land are 
currently being affected annually by flooding due to 
deforestation with disastrous consequences such as 
silting of dams and salination and alkalination of soils. 
In the Gangetic plains of India alone, the loss due to 
flood damage has been estimated to exceed one billion 
dollars annually. 

Desertification 

Population increase, overgrazing and uncontrolled 
expansion of agricultural crops have led to the 
expansion and advance of deserts. North Africa is 
losing 100,000 hectares of range lands and crop lands 
annually due to desertification. The rate of desertifica¬ 
tion in Sahelo-Sudanian Africa, Iran and north-east 
Brazil is also accelerating. 

Fertilizer and biocide use-related hazards 

While developing countries encounter major hazards 
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due to deforestation and desertification, developed 
countries face hazards due to intensive modern 
agricultural technology. Leaching of nitrates into 
ground-water supply and problems created by surplus 
manure are posing serious threats in some countries 
such as the Netherlands. These developments acquire 
significance in view of epidemiological studies that 
suggest possible links between environmental nitrates 
and gastric cancer. The emergence of new pests and 
resistant varieties of pests due to intensive use of 
biocides also threatens to create new problems. 

Greenhouse effect 

There is mounting concern about climatic changes that 
could be caused by increasing concentration of carbon 
dioxide and other gases in the earth’s atmosphere. It is 
feared that this could cause a ‘greenhouse’ effect, 
resulting in the warming of the earth’s atmosphere 
(global warming) and a rise of the sea level. If some of 
the gloomy predictions in this regard turn out to be 
true, large tracts of land could disappear under the sea 
in the course of the next country. Sea-level rises of the 
order of 5 to 24 cm per decade have been predicted, 
implying that coastal areas presently less than one to 
three metres above sea level and fertile areas around 
river deltas will be seriously threatened by the middle of 
the next country. It is this scenario that had prompted 
the Chief Delegate from the Maldives at a UN meeting 
to express the fear that by the middle of the next 
century, his country could be swallowed by the sea! 

Depletion of the ozone layer 

The depletion of ozone in the stratosphere due to 
increased levels of nitrous oxide (NO) and chloro- 
fluorocarbons (CFCs) is also causing concern. The 
impact of these developments on global crop production 
is now being debated. While these hazards should cause 
concern, their impact on the global nutrition scene 
within the next few decades does not appear imminent. 

The hazards listed above should highlight the 
scientific challenges that lie ahead in sustaining 
agricultural and industrial development in the next 
century. 

The biotechnology revolution 

Modern advances in biotechnology offer immense 
possibilities of improving global nutrition. Through the 
application of the new tools of biotechnology, far- 
reaching developments in the fields of agricultural 
production, health and medicine have now become 
possible. Biotechnology promises an increasing agricul¬ 
tural productivity through enhancement of the efficiency 
of photosynthesis; new tissue-culture techniques indicate 
possibilities of phenomenal gains in food yield; bio- 
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Table 7. The promise of biotechnology* 


1. Agricultural productivity through 

a. enhanced efficiency of photosynthesis 

b. accelerated pace of plant breeding through tissue culture 
techniques, e.g. in case of oil palm, coconut, bananas and tubers 

c. use of techniques such as embryo rescue, protoplast fusion, 
DNA vectors to overcome barriers of sexual incompatibility. 

2. Reclamation of poor soils; e.g. 

a. in SE Asia alone 86.5 million hectares of currently unproductive 
land can be made productive through cultivation of rice 
varieties tolerant to salinity and alkalinity 

b. adaptation of cereal crops to drought-prOne areas of sub- 
Saharan Africa. 

3. Accelerated development of ‘low-input’ agriculture system, e.g. 

a. use of varieties needing lower inputs of fertilizers, and disease 
and pest-resistant varieties with ability to fix nitrogen 

b. identification of biological pesticides effective against important 
pests. 

4. Development of integrated systems for recycling of agricultural 

wastes into energy—as are now being attempted in Brazil, China 

and India. 


*Swaminathan, M. S., Science, vol. 218, 1982. 

technology can help in the reclamation of poor soils 
now rendered unproductive because of salinity and 
alkalinity (Table 7). Biotechnological tools may become 
useful in the prevention and control of communicable 
diseases. 

However, all these would become possible only if 
these technologies are harnessed and promoted for the 
good of mankind as a whole. Unfortunately, the 
increasing trend towards commercialization and priva¬ 
tization of biotechnology research, which is now being 
shrouded in secrecy, the emergence of powerful trans¬ 
national corporations in the industrialized countries 
supported by university-industry complexes that are 
aiming at consolidation of their monopolistic hold over 
the emerging new technologies, the increasing pro¬ 
prietary hold over biotechnology research through 
patent protection—all these trends indicate that 
commercial prospects rather than mankind’s basic 
needs could determine the future course of biotechno¬ 
logical research and its application. There is the 
growing fear on the part of developing countries that, 
given the present trends, these new biotechnological 
tools may be used to develop substitutes for com¬ 
modities presently being imported by developed 
countries from the developing countries. Over the past 
two centuries developing countries like Mexico, Brazil, 
China, Chile, Ethiopia and India provided rich plant- 
genetic resources for the whole world. These resources 
were freely collected without any compensation by the 


industrialized countries. Now, powerful private seed 
industries located in industrialized countries are seeking 
patent protection for the plant-genetic varieties thai 
they are developing out of the plant-genetic resources 
they had originally appropriated, free of cost and 
compensation, from what was called ‘common heritage’, 
These disturbing trends indicate that modern advances 
in biotechnology that hold out great promise of a 
happier world could instead become powerful instru¬ 
ments for the domination of the many by the few. 

It is often said that science is neutral and that it is the 
manner in which science is used and applied that makes 
it ultimately beneficial or harmful to mankind. 
Unfortunately man’s acquisition of knowledge is often 
not matched by enhancement of his wisdom and 
compassion. 

As we move to the twentyfirst century, it is becoming 
increasingly clear that the world has the resources and 
the technology to ensure good nutrition for all its 
people. The future of global nutrition will, however, 
depend on the answer to the question: ‘Will man’s 
wisdom and concern for his fellow men triumph over 
his greed?’ 
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Role of bats in the natural cycle of arboviruses 

G. Geevarghese and Kalyan Banerjee 

National Institute of Virology, 20A Dr Ambedkar Road, Pune 411 001, India 


Chiropterans constitute the second largest order of 
mammals in terms of number of species, and are 
numerically the largest in overall abundance. In India 
approximately 100 species of bats have been recorded. So 
far, 31 definite arboviruses and 14 probable arboviruses/ 
antibodies have been isolated from bats from all over the 
world. Involvement of bats in two important arboviral 
diseases in India, viz. Japanese encephalitis (JE) and 
Kyasanur forest disease (KFD), is discussed. It appears 
that the bats get infected when the virus is active and 
probably act as ‘amplifiers’ in conjuction with other 
hosts. 


The arthropod-borne (arbo) viruses are a group of 
infectious agents which are biologically transmitted 
between susceptible vertebrate hosts by haemato- 
phagous arthropods. They produce viremia in vertebrate 
hosts and are picked up through blood by arthropod 
vectors during feeding. After a variable length of time 
the vectors become capable of transmitting the virus to 
fresh hosts. Many species of vertebrates act as hosts for 
the arthropods and are infected by arboviruses. The 
effect of the virus on the host may be asymptomatic or 
symptomatic. Among different groups of mammals, bats 
(order Chiroptera) have gained considerable importance 
as hosts that support the multiplication of arboviruses. 
Chiropterans make up the second largest order of 
mammals in number of species, and numerically 
probably the largest in overall abundance. In India 
there are over 100 species of bats belonging to two 
groups, viz. insectivorous and frugivorous (H. R, Bhat, 
personal communication). Their mobility, together with 
the spectrum of ectoparasites and different species of 
mosquitoes that feed upon the bats, qualify them as 
potential amplifiers or reservoirs of arboviruses. This 
article reviews the information available on the 
involvement of bats in arboviral infections. 

Various types of haematophagous arthropods have 
been found associated with bats and their habitats. 
Hiregoudar and Bal^ reported a variety of ectoparasites 
of Indian bats. They include 11 species of nycteribiids, 5 
species of streblids, 2 species of bugs and 16 species of 
mites. Bhat et al? recorded 16 species of nycteribiids 
and 8 species of streblids from bats of Malnad area of 
Karnataka. A variety of ectoparasites including different 
species of streblids, nycteribiids, mites, soft ticks, etc. 
have been reported from bats collected from Rajasthan 
and Gujarat^. On a number of occasions soft-ticks of 
the genera Ornithodoros and Argas have been collected 
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from bat dwellings'^ (NIV unpublished data). Certain 
mosquito species have been reported exclusively from 
bat caves^’^. O’Gower^ employed bats to attract 
mosquitoes into traps. Sulkin et al^ reported evidence 
that mosquitoes fed naturally on bats. 

So far, 31 arboviruses have been recorded from 
bats^’^ Of these, 8 belong to family Togaviridae, 14 to 
Flaviviridae and 9 to Bunyaviridae (Table 1). In 
addition, 14 viruses or antibodies against viruses 
classified as probable arboviruses and a few unclassified 
viruses have been detected in bats (Tables 2 and 3). The 
following are the important arboviral diseases affecting 
man with which bats are suspected to be involved in 
the natural cycle of the virus. 

Japanese encephalitis (JE) 

The virus is generally maintained in a natural cycle 
involving mosquito vectors and ardeid birds. Pigs act as 
amplifier hosts. Definite evidence of the involvement of 
bats in the natural cycle of JE in Japan was obtained 
between 1952 and 1970 by serological survey and 
repeated isolation of the virus from bats. Sulkin et 
reported the isolation of the virus from Miniopterus 
schreibersii and Rhinolophus cornutus collected in 
Japan. From among 1406 bats of these two species, JE 
virus was isolated from 16 M. schreihersii and 8 R. 
cornutus. Infected bats were found throughout the year. 
Five hundred and twenty-eight bats of 8 other species 
were virus-negative. Seasonal incidence of infection 
varied between about 1% (spring) and 2.73% (autumn). 
Other than blood, some bats had viruses in brown fat, 
and one had virus in its kidneys. 

Several investigations involving experimental infection 
of bats were carried out by Japanese workers between 
1952 and 1960. Specimens of Pipistrellus abramus were 
infected by intracranial inoculation; the animals main¬ 
tained persistent infection without developing dete¬ 
ctable neutralizing antibodies during hibernation^ ^ 
Corristan et and La Motte^'^ experimentally 

infected three species of bats, viz. Eptesicus fuscus, 
Myotis lucifugus and Pipistrellus subfalvus. The bats 
developed viremia which lasted for 6 to 12 days. They 
discovered in one instance that a bat became infected 
after eating three infected mosquitoes. When certain 
infected bats were placed in simulated hibernation at 
10°C and returned to room temperature after 107 days, 
no virus was detectable, but three days after being 
awakened, detectable viremia developed. La Motte^'^ 
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Table L Arboviral infections in bats 




Virus 

Bat species 

Evidence of infection 

Virus Antibodies 

Country 

Ref. 

Alphavirus 

Chikungunya 

Scotophilus sp. 

Salivary glands 

— 

Senegal 

48 


Hipposideros cafer 

— 

HI 

Senegal 

49 

Semliki forest 

Tadarida condylura 

— 

HI 

Uganda 

33 

Eastern equine encephalitis 

Eptesicus fuscus 

— 

N 

USA 

53, 54 


Artibeus jamaicensis 

— 

HI 

Brazil 

5 

Western equine encephalitis 

Eptesicus fuscus 

Salivary glands 

— 

USA 

5 

Venezuelan equine encephalitis 

Carollia perspicillata 

Liver and spleen 

— 

Colombia 

5 


Artibeus lituratus 

— 

HI 

Panama 

55 

Nepuyo 

Artibeus lituratus 

Blood 


Honduras 

56 

Sindbis 

Hipposideros sp. 

Organ* 


Zimbabwe 

9 

Mucambo 

Rhinolophus sp. 

Carollia perspicillata 

Organ* 

HI,N 

Zimbabwe 

Panama 

9 

5,51 

Flavivirus 

Dengue 1 

Pteropus gouldi 

— 

N 

Australia 

28, 29 


Pteropus giganteus 

__ 

HI 

India 

30 

Dengue 2 

Pteropus gouldi 

— 

N 

Australia 

28, 29 

Dengue 2 and/or 4 

Cynopterus brachyotis 

— 

HI,N 

Malaysia 

5 

Japanese encephalitis 

Many, details given in the text 

Blood and spleen 

HI,N 

Japan, Australia, 

8-26 

Murray valley encephalitis 

Eptesicus pumilus 


HI,N 

Taiwan Thailand, 
Malaysia, Indone¬ 
sia, India 

Australia 

57 


Pteropus gouldi 

— 

N 

Australia 

28,29 

St Louis encephalitis 

Tadarida brasiliensis 

Blood 

— 

USA 

46 


Eptesicus fuscus 


N 

USA 

47 


Rhinophylla pumilio 


HI 

Brazil 

5 

West Nile 

Rousettus leschenaulti 

Spleen 


India 

31 


Pteropus gouldi 


N 

Australia 

21 


Eidolon helvum 

— 

HI 

Uganda 

33 

Yellow fever 

Glossophaga soricina 


N 

Ethiopia • 

39 


Eidolon helvum 


HI,N 

Uganda 

33 


Epomophorus sp. 

Brain 

— 

Ethiopia 

42 

Zika 

Tadarida condylura 

— 

HI 

Uganda 

33 

Kyasanur forest disease 

Rhinolophus rouxi 

Spleen 


India 

35 


Many, given in the text 

— 

H1,N 

India 

38 

Hypr 

Not given 

— 

N 

USSR 

9 

Tick-borne encephalitis 

Barbastella barhastellus 

— 

HI 

Czechoslovakia 

58 

Wesselsborn 

Cynopterus brachyotis 

— 

N 

Thailand 

9 

Uganda S. 

Not given 

— 

HI 

Ethiopia 

42 

Bunyavirus 

Catu 

Molososus obscurus 

Salivary glands 

— 

Brazil 

51 

Issyk-Kul 

Vespertilio serotinus 

Blood 

— 

USSR 

9, 59 


Vespertilio pipistrellus 

Blood 

— 

USSR 

9, 59 

Bunyamwera 

Tadarida condylura 

— 

HI 

Uganda 

33,40* 


Eidolon helvum 

— 

HI 

Uganda 

50 

Caraparu 

Artibeus lituratus 

— 

HI,N 

Brazil 

5 

Guaroa 

Not given 


HI 

Brazil 

5 

Turlock 

Not given 


HI 

Brazil 

5 

Guama 

Not given 

Organs 

— 

Brazil 

9 

Itaporanga 

Artibeus lituratus 

— 

HI,N 

Brazil 

5 

Phlebo virus 

Rift valley fever 

Micropterus pusillus 

One isolation* 

— 

Guinea 

60 


Hipposideros abae 

One isolation* 

— 

Guinea, 

60 


^Details not given. 

HI, Haemaglutination inhibition antibodies; N, neutralizing antibodies. 
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Table 2. Probable* arboviral infections in bats 



Virus 

Bat species 

Evidence of infection 

Virus Antibodies 

Country 

Ref. 

Flavivirus 

Tembusu 

Pteropus vampyrus 


N 

Malaysia 

5 

Usutu 

Eidolon helvum 

— 

HI 

Uganda 

50 

Ntaya 

Eidolon helvum 

— 

HI 

Uganda 

50 

Jugra 

Cynopterus brachyotis 

Blood 

— 

Malaysia 

9 

Carey Island 

Cynopterus brachyotis 

Salivary gland 

— 

Malaysia 

9 

Sokuluk 

Macroglossus lagochilus 
Vespertilio pipistrellus 

Two isolationsf 

Brain, liver, spleen and. kidney 

— 

Malaysia 

USSR 

9 

9 


pool 




Bunyavirus 

Utinga 

Artibeus lituratus 

— 

HI 

Brazil 

5 

Bangui 

Not given 

Salivary gland 

— 

Central African Republic 

61 

Tacaiuma 

Artibeus jamakensis 

— 

HI,N 

Brazil 

5 

Keterah 

Scotophilus temmincki 

Blood 

— 

Malaysia 

9 

Mojui Dos Campos 

Not given 

— 

HI 

Brazil 

9 

Coronavirus 

Bocas 

Myotis lucifugus 

One isolationf 

— 

USA 

9 

Vesiculovirus 

Jurona 

Artibeus lituratus 

— 

HI,N 

Brazil 

5,9 

Orbivirus 

Japanaut 

Syconycteris crassa 

Blood 

— 

New Guinea 

9 


♦Includes viruses for which supportive data are too meagre for their inclusion as definite arboviruses. 
tDetails not given. 


Table 3. Recent isolations of viruses from bats 


Virus 

Bat species 

Country 

Ref. 

Kasokero* 

Rousettus aegyptiacus 

Uganda 

62 

Rio Bravo 

Not given 

— 

63 

Fomede 

Nycteris nana 

Guinea 

64 


♦Unclassified virus. 


suggested a mosquito-bat-mosquito cycle as a possible 
overwintering mechanism for JE virus and interpreted 
the oral route of infection to mean that foraging bats 
might become infected in nature by feeding on infected 
mosquitoes. It was shown that the infected mosquitoes 
can transmit the virus from and to bats under the 
laboratory conditions. Sulkin and coworkers 
carried out experimental viremia studies on three 
species of bats, viz. Epstesicus fuscus, Myotis lucifugus 
and Tadarida brasiliensis, by inoculating the virus 
subcutaneously. Viremia lasted for 15 to 30 days and 
neutralizing antibodies appeared as the viremia declined. 
They could isolate the virus from the bats during the 
period of viremia from brains, kidneys and brown fat. 
The transplacental passage of the virus to the offspring 
was also demonstrated in Tadarida species. 

A number of serological surveys from different parts 
of the world have indicated the presence of haemag- 
glutination inhibition (HI) and neutralizing (N) anti¬ 
bodies to JE. Miura et al}° showed that about 7% of 
bat sera from 10 different species collected in Japan had 
N antibodies to JE virus. Neutralizing antibodies were 
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also detected in Pteropus gouldi from Australia^ \ 
Hipposideros sp. from Taiwan^^, Cynopterus brachyotis 
from Thailand and P. vampyrus from Malaysia*. 

In India, the involvement of bats was suspected ever 
since Carey et al.^^ detected HI antibodies in Pteropus 
giganteus from Vellore, South India. Kaul et 
reported the presence of HI antibodies to JE virus in 
two bat sera, one each from Megaderma lyra and 
Cynopterus sphinx. In a laboratory study Rousettus 
leschenaulti (a frugivorous bat) were infected with JE 
virus^*. Viremia was detected up to day 8 post¬ 
inoculation (PI). Virus could not be detected in organs 
such as spleen, liver and brain at the termination of the 
experiment or from dying bats during experiment. 
Experimental infection of C. sphinx, another species of 
frugivorous bat, has shown development of viremia 
which persisted up to day 9 PI. Transmission of the 
virus from viremic bats by Culex bitaeniorhynchus 
mosquitoes to bats and chicks was also demonstrated^*. 
All animals developed neutralizing antibodies. 

A serological survey of bats in the JE endemic areas 
of Kolar and Mandya districts, Karnataka state, was 
carried out^’. Of 626 sera collected, 46 (7.3%) sera from 
five species of bats, viz. Hipposideros pomona, H. speoris, 
H., bicolor, H. cineraceus and Rhinolophus rouxi, were 
positive for N antibodies to JE virus. 

Studies conducted in Japan indicated that the 
incidence of antibodies in bats correlated fairly well 
with the incidence of JE in man*°. Banerjee et 
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observed a correlation between the seropositivity of 
bats and human epidemics in 1983 and 1985 in Kolar 
district. A similar correlation was observed in 1986 in 
Mandya district by the same authors. 

The prolonged viremia, though at low titres after 5-6 
days PI, experimental transmission through mosquitoes 
to and from bats, and serological evidence of natural 
infection give credence to the role of bats in the 
epidemiology of JE. However, unlike in Japan, in India 
the bats may not be acting as overwintering hosts for 
JE virus as they do not generally hibernate. It is 
therefore possible that the bats may act as amplifying 
hosts of JE virus in conjuction with other hosts such as 
birds and pigs. 

Dengue 

The virus is transmitted from man to man by 
mosquitoes. No extra-human reservoirs are usually 
involved. Neutralizing antibodies against dengue types 
1 and 2 have been shown in Pteropus gouldi in 
• Australia^®’In Malaysia HI and N antibodies to 
dengue types 2 and/or 4 have been detected in 
Cynopterus hrachyotis. In India, N antibodies against 
dengue viruses have been demonstrated in Pteropus 
giganteus^^. In experimental transmission studies, no 
viremia could be demonstrated in Myotis lucifugus with 
dengue type 1 virus. Shah and Danieh^^ could not 
demonstrate any viremia with DEN-2 in P, giganteus. 
They also could not detect any antibody in 43 sera 
from this species collected at the edge of Calcutta city 
after an outbreak of dengue. Apparently, bats seem to 
have no significant role in the epidemiology of dengue, 
which is mostly an urban disease. 

West Nile 

In India, West Nile virus has been isolated from the 
spleen of one frugivorous bat, Rousettus leschenaultP^. 
Neutralizing and HI antibodies have been reported 
from different bat species, viz. Pteropus gouldi in 
Australia^^, R. aegyptiacus in Israel^ and Eidolon 
helvum in Uganda^^. 

Kyasanur forest disease (KFD) 

The involvement of bats in the natural cycle of KFD 
virus was first suspected when HI and N antibodies to 
this virus were detected in a frugivorous bat, Rousettus 
leschenaulti, collected at Manjri near Pune^"^. Sub¬ 
sequently, four isolations of KFD virus were made from 
the spleen of naturally infected Rhinolophus rouxi and 
one from a pool of ticks, Ornithodoros chiropterphila, 
collected from the habitat of the same bats in the KFD 
area in Karnataka^^ Further studies have shown that 
in Rous, leschenaulti, Cynopterus sphinx and Rhin. 
rouxP^*^'^, the level of virus in blood ranged from traces 
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of virus on days 1 and 2 PI to 3.0 to 4.0 dex/0.03 ml on 
days 3 and 4. KFD virus was recovered from spleen, 
lung and brain on day 2 PI. The duration of viremia 
varied between 2 and 6 days PI in R. leschenaulti. Virus 
could be recovered from spleen and brain. In one bat, 
the virus was isolated from the brain 30 days after the 
infection. The studies showed that 11 out of 14 bats 
circulated the virus and subsequently 10 of the infected 
bats showed N antibodies. 

In an intensive serological study of bats in the area of 
occurrence of KFD and the neighbourhood, 727 sera 
were collected from 17 species of bats and tested for 
antibodies^One hundred and thirty-eight sera from 7 
species of bats, viz. Rous, leschenaulti, Eonycteris 
spelaea, C. sphinx, Rhin. rouxi, Hipposideros speoris, 
H. lankadiva and Miniopterus schreihersi, showed N 
antibodies. Of the 49 sera tested for HI antibodies 31 
sera from R. leschenaulti and 17 from E. spelaea were 
positive. Paradoxically, R. leschenaulti collected in the 
KFD epizootic-epidemic area in Shimoga district had 
the lowest incidence of antibodies. 

Yellow fever 

Though no definite role of bats in the natural cycle of 
the virus has been established, antibodies have been 
demonstrated in different species, viz. Glossophaga 
sorcina from Brazil"'^, Eidolom helvum"^^ and, Rousettus 
sp."*^^ from Uganda, and Epomophorus sp. from 
Ehiopia"^^. Epomophorus sp. has been suspected to have 
some role in the spread of the disease because of its 
migratory behaviour"^^. Studies have shown that 
Epteskus fuscus, Eidolon helvum and Myotis lucifugus 
circulate the virus after experimental infection"*^'^’ 
Desmodus rotundus (a species of vampire bat) has been 
reported to have transmitted the virus between 
monkeys while feeding upon them"^^. 

St Louis encephalitis 

This virus is known in the United States, Jamaica and 
Trinidad. Birds and mosquitoes have been incriminated 
in the natural cycle. Sulkin et reported an isolation 
of this virus from the blood of Tadarida brasiliensis. 
Serum specimens from 12 of 127 Epteskus fuscus also 
showed N antibodies'^^. Infrequent transplacental pas¬ 
sage of the virus, has been demonstrated in Myotis 
lucifugus^ 

Chikungunya 

Chikungunya is another arboviral disease in which no 
extra-human hosts are believed to have any major role 
in the natural cycle. Subcutaneous inoculation of virus 
produced transient viremia in one of the four bats 
{Pteropus giganteus) studied^®. Neutralizing antibodies 
persisted through the observation period of 14 to 27 
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weeks in 3 of the 4 bats. Antibodies to chikungunya 
virus were not demonstrated in 43 bat sera collected in 
the vicinity of Calcutta where there was an outbreak of 
chikungunya two years before the sera were collected. 
Antibodies to chikungunya virus were detected in one 
of the Megaderma lyra specimens collected at Vellore^*. 

Isolations of chikungunya virus have been reported 
from the salivary glands of Scotophilus sp. from 
Senegal"^®. HI antibodies have been reported in 
Hipposideros cafer from Senegal and Uganda*^. 
Rousettus angolensis and Eidolon helvum did not 
circulate the virus on experimental infection®®' 

Venezuelan equine encephalitis 

It is a disease of horses but occasionally affects man in 
the western hemisphere. The virus has been isolated 
from mosquitoes, rodents, bats and birds. The virus was 
isolated from 4 out of 176 Carollia perspicillata bats 
collected in Colombia®. Experimental transmission of 
the virus was demonstrated from bats to bats (Eptesicus 
fuscus) through mosquitoes'®. 

Western equine encephalitis 

It is a disease transmitted by mosquitoes to horses and 
occasionally to man in North and South America. The 
virus was isolated from the salivary glands of a bat, 
Eptesicus fuscus, in New Jersey®. 

Catu 

The virus is known only from Brazil, where it has been 
reported from man and rodents. Isolation of the virus 
from the salivary glands of a Brazilian bat, Molossus 
obscurus, has been reported®. HI antibodies to the virus 
have been found in the bat species Artiheus fulginosus^^. 

Vertebrate hosts of arboviruses are usually mammals 
or birds that are susceptible to a virus and are able to 
circulate it in titres high enough to infect vectors. The 
most effective vertebrate hosts are those that themselves 
remain healthy but circulate the virus in sufficient titres 
and duration to infect a large number of competent 
vectors. A large number of susceptible small vertebrates 
or a small number of large mammals may produce 
similar effects®®. The work done so far on bats in 
connection with arboviral diseases indicates that bats 
fulfil the above requirements. Definite involvement of 
bats in the natural cycle of certain arboviral diseases 
has been obtained on the basis of virological and 
serological studies. However, the paucity of studies on 
vector competence of arthropods infesting bats and 
their habitats is the major lacuna in this field. 
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If the generally accepted picture that the neutrons and 
protons in the core of a neutron star will be in a (vortex) 
superfluid state is correct, then the Onsager-Fcynman 
vortices in the neutron superfluid and the Abrikosov 
vortices in the proton superfluid may be strongly 
interpinned. We argue that because of this the evolution 
of the magnetic field will be intimately related to the 
rotational history of the star. Based on this hypothesis we 
present a model for the decay of the magnetic fields of 
neutron stars. 

We point out that our model is able to explain for the 
first time, at least qualitatively, many of the outstanding 
questions such as (i) the exponential decay of the field in 
young pulsars, (ii) preponderance of binaries among low- 
field pulsars, (iii) why very old (>10^ yr) neutron stars 
retain substantial residual fields and what determines this 
residual value, etc. 


Soon after pulsars were discovered Gunn and Ostriker^ 
conjectured that their magnetic fields may be decaying 


§To whom correspondence should be addressed. 
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exponentially with a time constant of a few million 
years. This was motivated by the need to explain the 
secular decrease in the spin-down torque acting on the 
pulsar (over and above that due to period lengthening). 
This idea did not gain immediate credence because it 
was difficult to reconcile such a rapid decay of the 
magnetic field with the expected superconducting 
properties of the interior^. In principle, as Gunn and 
©striker themselves pointed out, the decay of the 
torque acting on the pulsar could also be due to a 
tendency of the magnetic and rotation axes to align, 
although they did not favour it. Recent measurements 
of the obliqueness angle for about 150 pulsars now 
seem to rule out this possibility^’'*’. Thus, despite the 
theoretical difficulty in understanding the decay it now 
appears that the distribution of the measured periods 
and derived magnetic fields of nearly 500 pulsars is best 
explained by the hypothesis that the magnetic fields of 
the population of normal pulsars decay rather rapidly. 

There is also circumstantial evidence that this decay 
may continue for sufficiently long for the magnetic field 
to decrease to a value of the,order of 5x 10®G. This 
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evidence comes from the binary and millisecond 
pulsars. Most of the pulsars in binaries with massive 
companions (like PSR 1913 + 16), as well as the milli¬ 
second pulsars with low-mass companions, have 
anomalous combinations of short periods and low 
magnetic fields. In recent years this has been understood 
in terms of the following ‘recycling’ scenario. The basic 
idea is that despite their short periods these are very 
old neutron stars compared to the normal population 
of pulsars. Their magnetic fields are small because they 
have decayed substantially during the time between the 
birth of the neutron star and the onset of mass transfer 
from the companion. This argument that these are not 
young pulsars born with low fields has been strength¬ 
ened by the recent detection of the optical companions 
of two of these binary pulsars, from which it has been 
inferred that the pulsars must be very old'\ The periods 
of these very old pulsars are short because they have 
been spun up owing to accretion from the companion 
(for a more detailed account of this recycling scenario 
see, for example, ref 3). But the millisecond pulsars, 
while providing an important olue about field decay, 
have also added an extra twist! It is now fairly well 
established, both from evolutionary scenarios, as well as 
the direct estimates of the ages of their companions, 
that millisecond pulsars must have lifetimes in excess of 
10^ years. This should be contrasted with a lifetime 

10^ years for the population of the normal pulsars. 
From this it immediately follows that the observed 
fields of these millisecond pulsars must be some sort of 
asymptotic or residual fields^'That is, whereas the 
small magnetic fields of these pulsars may be due to 
decay from original values of S: 10^^ G, for some reason 
or the other this decay seems to effectively stop; 
otherwise, given their age and the rapid exponential 
decay mentioned earlier, their fields should have 
practically disappeared. 

Does this asymptotic field have a universal value? 
Apparently not. Whereas all the millisecond pulsars in 
the disc of the galaxy have very nearly the same fields, 
PSR 0655 + 64 which is as old as the millisecond 
pulsars has a magnetic field which is more than an 
order of magnitude larger than that of the millisecond 
pulsars^. This raises the interesting question as to what 
determines the value of the asymptotic fields of neutron 
stars. 

So far we have dealt with the evidence that suggests 
that magnetic fields decay substantially (in some cases 
by a factor of lO'^) over timescales of <10^ yr. But it 
now appears that there may be another class of very 
old neutron stars which show no field decay at all! The 
tantalizing evidence for this comes from some of the 
gamma ray bursters. These show features in their X-ray 
spectra which, if interpreted as the cyclotron line and its 
harmonics, imply magnetic fields of (ref, 8). 

This is very surprising because if gamma ray bursters 
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are neutron stars then the isotropy of their distribution 
implies that they must be very old*^. If such high 
inferred fields turn out to be typical of gamma ray 
bursters then one will be faced with the difficult 
question as to why there is a second population of 
neutron stars whose fields do not decay! 

These are some of the questions that any suggested 
mechanism for field decay must answer. Although there 
have been several attempts to understand the mecha¬ 
nism of field decay, none of the suggestions made so far 
have satisfactory answers to the questions raised above 
(a summary of some of the recent literature can be 
found in ref. 3). In this paper we wish to advance a new 
mechanism which, as we shall argue, can, in principle, 
answer many of the questions. 

2. The mechanism 

Our basic postulate is that the mechanism of field decay 
is related to the slowing down of the neutron star^. 

Following the original suggestion by MigdaF^ it is now 
generally accepted that the neutrons in the interior of a 
neutron star are in a superfluid state, and that the 
protons form a type II superconductor^Because of 
the rotation of the star the superfluid will be in a vortex 
state, i.e. threaded by quantized vortices with circulation 
h/2m^, where h is Planck’s constant and the mass of 
the neutron?^’The total number of vortices is related 
to the angular velocity Q. of the crust through the 
relation 

Av = (ajR)(27cR)/(/i/2mJ 

^2x]0^^P~\ ( 1 ) 

where R is the radius of the neutron star and P the 
period in seconds. 

There is a second set of vortices in the interior. As 
mentioned above, the protons in the interior are 
expected to condense into a type II superconducting 
state. Although the initial field of the neutron star 
(^10^2 G) is much less than the estimated lower critical 
field Hci('^ 10^^ G), Baym et al.^ have argued that 
because of the very high electrical conductivity of the 
normal state superconductivity will nucleate in a vortex 
state at constant B. That is, the superconductor will 
allow the magnetic field to coexist, but confined to a 
lattice of fluxoids, each with a quantum of flux 
<l>Q—hc/2e. The number of such quantized flux tubes is 
given by 

' ( 2 ) 

where 8^2 is the magnetic field in units of 10^^ G. Flux 
can be expelled from the superconducting region only if 
the fluxoids can migrate to the crust. The characteristic 
timescale for this process may be more than the age of 
the universe^. 
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Although the superfluid vortices and the fluxoids have 
been invoked to understand some aspects of the 
rotational dynamics and the decay of the magnetic field 
respectively ^the consequences of the interaction 
between these two families of vortices has not been 
seriously explored so far. Muslimov and Tsygan^^ were 
the first to point out that the vortices and fluxoids may 
be strongly interpinned. More recently Sauls^^ has 
stressed that such pinning may have several interesting 
consequences. The possibility that the evolution of the 
magnetic field may be linked to the rotational history of 
the neutron star through such pinning was first pointed 
out by Srinivasan^. Here we shall elaborate on this 
suggestion, as well as give some estimates. 

In order for the field trapped in the interior to decay 
at all the fluxoids must somehow migrate to the crust 
where the field can decay due to ohmic dissipation. 
MuslimoV and Tsygan^^ argued that this may happen 
owing to buoyancy forces acting on the fluxoids. The 
recent estimate due to Jones^® suggests that this process 
of flux expulsion, limited by drag forces, may be quite 
eificient. However, various effects that have been 
neglected so far, such as pinning of the fluxoids at the 
inner crust, may drastically reduce the importance of 
buoyancy forces. Also, because of the dependence of the 
gap energy on the density, the fluxoids may experience 
buoyancy only in the outer regions of the core; in the 
inner region the fluxoids may actually migrate towards 
the centre of the star^^. In any case, in what follows we 
shall assume that the tendency of the fluxoids to 
migrate to the surface is strongly inhibited by the 
pinning of the fluxoids to the vortices in the (core) 
neutron superfluid. 

If so, why and how does the magnetic field decay? As 
the neutron star spins down the superfluid core 
responds by destroying the vortices in a proportionate 
way; this happens by a radial outward flow of the 
vortices and the annihilation of the required number at 
the interface between the inner crust and the superfluid 
core. In this process the fluxoids pinned to them will 
also be transported to the crust, where the field can 
decay due to ohmic dissipation. Thus there are two 
timescales in this mechanism: (i) the timescale for the 
expulsion of the field from the interior to the crust; this 
is related to the spin-down timescale and (ii) the 
timescale for ohmic decay in the crust, which is 
believed to be '--lO^yr (ref. 20). The temporal 
behaviour of the magnetic field will depend upon 
whether tsd is greater or smaller than id- As we will see, 
both regimes are of interest. In the previous section it 
was mentioned that one of the difficulties with the 
currently available models for field decay is in 
explaining the longevity of millisecond pulsars since in 
these models the decay is exponential with a single time 
constant of '^10^ yr. The present model does not suffer 
from this difficulty (see Section 4). 
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3. Some estimates 

Assuming that a fluxoid can pin on a vortex, the first 
question to ask is how effective this is likely to be. In 
this section we shall give some simple estimates and 
argue that the vortices, although only 10^^ in number 
in a typical pulsar, can entrain most, if not all, of the 
fluxoids. 

The pinning of vortices to point defects has been 
invoked to explain a variety of phenomena ranging 
from the critical state of hard superconductors^^ to 
glitches in pulsars That there is pinning at all can be 
traced to local modifications of the penetration depth 
(say, by strain), local modifications of the superfluid 
condensation energy, etc. But unfortunately the details 
have been worked out only at a phenomenological 
level^^. The physics of the interaction of a vortex with a 
fluxoid is even less understood. Since these two vortices 
are in two different superfluids, unless the gap energy or 
the density of each fluid changes owing to the 
interaction, there will be no interaction energy. 
However, a simple estimate due to Sauls^^ suggests that 
the interaction energy may be large. The pinning energy 
of a fluxoid-vortex intersection due to proton density 
perturbation in the centre of a fluxoid may be estimated 
as follows: 

(3) 

where A is the energy gap, the fermi energy, ^ the 
coherence length and n the number density; the 
subscripts p and n refer to protons and neutrons, 
respectively. For typical values of the above parameters 
this pinning energy is ^(0.1-1) MeV per connection^'’'. 
A rough estimate of the pinning force per connection, 
Fp,N, may be obtained by dividing the above pinning 
energy by the neutron coherence length which is a 
measure of the size of the interaction region: 

FpiN«^-” ~ (0.1-1) X 10^ dyne connection (4) 
Cn 

for a typical value of 1.5 x 10”^^ cm. Thus the 
pinning force per unit length of the fluxoid is 
'-^(0.1-1) dyne cm per connection. If one assumes that 
the fluxoid is pinned at Np centres then the total pinning 
force per unit length/pj^ is ^(0.1-1)iVp dyne cm"'^ The 
key question to ask is the following. What is the value 
of iVp such that the net pinning force on a fluxoid will 
be large enough to counteract the buoyancy force? The 
latter force (per unit length) can be estimated from the 
relation -gsICl where a is the energy of the fluxoid 
per unit length, g the acceleration due to gravity, and 
Cs the velocity of soundSince C^'^Rg it follows that 
/b'^e/jR. The energy of the fluxoid per unit length can 
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be estimated from the expression 



where Ap is the London penetration depth^^. For values 
of the parameters appropriate for the proton super¬ 
conductor, 8-10“^ erg cm "L This gives us an estimate 
for/b 10 dyne cm “L Hence we conclude that, if a 
fluxoid is pinned at roughly 10 to 100 centres, then the 
total force due to pinning will prevent the fluxoid from 
ascending towards the crust owing to buoyancy. 
Whether or not this obtains in practice is hard to assess 
at present for the following reason. When one is dealing 
with only one of the superfluids it may be safe to 
assume that the vortices form a lattice. But in the 
present case one is dealing with two superfluids and the 
detailed geometrical arrangement of the superfluid 
vortices and the fluxoids is far from clear, particularly 
since they are expected to interact strongly with one 
another. It is conceivable that neither set of vortices will 
form an idealized lattice, nor arc the vortices likely to 
be globally straight. The actual situation may resemble 
what is shown in Figure Ih rather than the idealized 
geometry of Figure la. Given this uncertainty one 
cannot meaningfully estimate the number of fluxoids 
that are likely to be physically pinned to the Onsager™ 
Feynman vortices. Instead, one can estimate the total 
number of available pinning sites for the fluxoids. 
Assuming that the fluxoids are in fact pinned to all the 
available sites, one can estimate how many of them can 
be Trapped’ owing to the pinning. The total number of 
available pinning sites is equal to the maximum number 
of fluxoids that can be pinned to a single vortex of 
length 10^ cm times the total number of vortices 


(=2x 10^^ At first sight it would seem that the 
maximum number of fluxoids that will be pinned to a 
given vortex line will be determined by the mean 
fluxoid spacing of ^^5 x lO~^^Pf^ 2 ^cm. But the actual 
number can be much more than implied by the above 
mean spacing, and will be limited only by the mutual 
repulsion between the fluxoids themselves. As is well 
known^^, at separations df large compared to the 
London penetration depth Ap this is a weak repulsion 
oc (Ap/df)^ exp {-if/Ap}. A simple estimate which takes 
into account both the pinning force and the repulsive 
force suggests that the mean distance between the 
pinned fluxoids can be as small as 2 x 10"^^ cm (for 
comparison, Ap--'0.9 x 10"^^ cm). Hence in the estimate 
given below we shall assume that is '^(2-20) 
xlO'^^cm (the larger of the two estimates corre¬ 
sponds to the mean spacing for 5^2This gives 
~(10^^-10^^)P“^ available pinning sites in the neutron 
superfluid. Therefore the number of ‘trapped fluxoids’ 
(see the discussion above) will be (It 

should be borne in mind that not all of these ‘trapped 
fluxoids’ need to be physically pinned; fluxoids pinned 
at a large number of centres can inhibit the motion of 
the neighbouring ones.) If this estimate is reasonable 
then the ‘trapped magnetic field’ will be '^(10^^- 
10^^)P‘”^ G, i.e. most of the fossil field may be trapped 
in the interior owing to their entanglement with the 
Onsager^Feynman vortices. 

4. The evolution of the magnetic field 

If the above conclusion is correct then the decay of the 
magnetic field must be intimately related to the slowing 
down of the neutron star, i.e. P(t)ocl^(f). If the slowing 
down of the neutron star is due to pulsar activity 




Figure 1. a, A view of the equatorial plane of a rotating neutron star showing an idealized geometry of 'the arrangement of the 
Onsager-Feynman vortices (parallel to the rotation axis) in the neutron superfluid and the Abrikosov vortices (parallel to the 
magnetic axis) in the proton superconductor. For the purpose of illustration the magnetic axis has been assumed to be perpendicular 
to the rotation axis. For the magnetic field to decay the fluxoids must migrate to the crust where, because of the finite conductivity, 
the field can decay, h, A more realistic stale of affairs in the presence of strong interaction between the vortices in the two superfluids. 
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(namely the emission of a relativistic wind and/or 
magnetic dipole radiation), then it is possible to derive 
a law for the evolution of the magnetic field. For 
example, if one adopts the standard dipole model for 
pulsar braking \ viz. 

then if B(t)ocQ(t) [which is only valid for times t>tQ 
such that the spin-down timescale is greater than 
Td('^lO^yr) the ohmic dissipation timescale in the 
crust], it follows that 

= \ (7) 

where is the spin- 

down timescale at t = tQ. jB(to) and Q(to) refer to the 
value of the magnetic field and angular velocity, 
respectively, at to, / the moment of inertia, R the radius, 
and c the velocity of light.' Thus at late times 
jB(r)oc(r/to)'‘^ since T(to)'~to* With such a slow rate of 
decay it is hard to see how the fields of millisecond 
pulsars could have decayed to ^5 x 10® G even given a 
Hubble time. Moreover, it is hard to account for the 
decay of pulsar fields by a couple of orders of 
magnitude within the lifetime of a pulsar 10"^ yr. 
Hence, if the mechanism described in the previous 
section is the operative one, then one is forced to 
conclude that the magnetic fields of isolated pulsars 
cannot decay significantly! 

4.1 Neutron stars in binaries 

The above difficulty is overcome if the neutron star in 
question is in a binary system. The main evidence that 
neutron stars in binaries can be slowed down to 
long periods comes from the dozen or so X-ray 
pulsars with periods ranging from 104 s to 835 s 
(see, for example, the review by Henrichs^^). One 
of the mechanisms for understanding why such a spin- 
down occurs was proposed by Illarionov and Sunyaev^"^ 
even before the first slow X-ray pulsar was discovered 
They argued that while the companion of the neutron 
star is in an evolving phase the magnetosphere of the 
neutron star will act as a ‘propeller’, throwing out the 
stellar wind matter from the companion, thus preventing 
it from accreting onto the neutron star; as a 
consequence of this the neutron star will slow down. 
Such a spin-down will continue until the corotation 
radius becomes equal to the magnetospheric radius, at 
which stage wind accretion will set in. But as 
Henrichs^^ has pointed out, there are several reasons 
for doubting whether such an electromagnetic torque 
can slow down a neutron star to the periods mentioned 


above within the evolution time of the companion. 
Faced with this difficulty, several alternative mecha¬ 
nisms have been suggested. According to Gosh and 
Lamb^^, for example, spin-down to long periods may 
also occur after the onset of accretion owing to 
accretion torques. Regardless of which of the proposed 
mechanisms is relevant, there is direct observational 
evidence tha.t neutron stars with massive companions 
are slowed down to rather long periods before they are 
spun up during the Roche lobe overflow phase. 
Unfortunately there is no direct observational evidence 
for this intermediate phase in the rotational history of a 
neutron star in a low-ntass binary. In analogy with 
their counterparts with massive companions, we shall 
assume that these neutro-n stars, too, will be slowed 
down. The physical mechanism is not clear at present. 
The winds from low-mass- stars are never strong, except 
perhaps when they become giants; perhaps the braking 
will occur in this phase. But preliminary estimates 
suggest that even the weak wind in the main sequence 
phase will be effective, especially when the orbital 
separation is less than In the absence of 

detailed theoretical studies to guide us we shall assume 
that given the much longer evolutionary timescale for 
low-mass stars, neutron stars with low-mass companions 
will be braked to much longer periods. 

Let us now return to the question of field decay. 
Earlier we had concluded that if the expulsion of the 
field from the interior is linked to the slowing down of 
the neutron star then tte fields of isolated pulsars 
cannot decay significantly. On the other hand, it follows 
from the above discussion that fields of binary pulsars 
should decay substantially. 

4,2 The residual field 

As mentioned earlier, two of the key questions any 
theory of field decay must address are (i) why do very 
old neutron stars—such as the millisecond pulsars—still 
retain substantial fields, and (ii) what determines this 
‘asymptotic’ value. Both these questions find a natural 
explanation in our modef. For a pulsar in a binary 
system there are three distinct phases. During the first 
phase of pulsar activity there is hardly any decay of the 
field since this phase does not last very long. Much of 
the field decay is due to the braking experienced before 
the neutron star becomes a powerful X-ray source. 
Once the mass transfer phase ends, and the neutron 
star starts functioning as a pulsar again, any further 
decay of the field will be governed by the new spin- 
down timescale of the pulsar. Because of the low field 
the spin-down timescale in its second life will be very 
long; hence there will be essentially no further decay of 
the field. The value of this Vesidual field’ will be 
determined by the maximum period to which the neutron 
star was spun down. This is illustrated in Figure 2. The 
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Figure 2. The rotational history and the evolution of the magnetic field of neutron stars in binaries. The first-born neutron star in a 
binary will be slowed down to very long periods owing to the electromagnetic torque exerted by the stellar wind from the 
companion. After the companion fills its Roche lobe, heavy accretion onto the neutron star will set in and in the process the neutron 
star wilt be spun up to an equilibrium period determined by its magnetic field and the accretion rate. After accretion stops, the spun- 
up neutron star will, once again, function as a pulsar. Figure a is appropriate for a massive companion whose evolution time (Tg^) is 
Tj the ohmic dissipation timescale in the crust. In this case the decay of the field will lag behind the rapid period lengthening. 
The asymptotic field will be determined by the maximum period to which the neutron star was slowed down. Figure b is for the case 
when Tgv’» this may obtain in low-mass binaries. Here, field decay will ‘track’ the period of rotation. 


rotational history of a neutron star in a massive 
binary^^ and the consequent evolution of the magnetic 
field are shown in Figure 2a. Pulsar activity ceases 
when the magnetospheric radius becomes smaller than 
the light cylinder. After this the electromagnetic torque 
due to the steller wind from the companion rapidly 
slows down the neutron star. The maximum period 
reached depends on the evolution time of the 
companion. After Roche-lobe overflow begins the 
neutron star will be spun up to an equilibrium period 
determined by the accretion rate and the magnetic 
f^eid-'7’28 j.j^g transfer ceases and the debris 
clear away, the spun-up neutron star will once again 
function as a pulsar. Turning next to the evolution of 
the field, it is interesting to note that the decay of the 
magnetic field is not ‘in phase’ with the lengthening of 
the period. This is because in a massive binary the 
duration of the rapid braking phase (which will only be 
a fraction of the evolution time of the companion) will 
be small compared to the ohmic dissipation timescale 
in the crust (S: a million years). Figure 2h deals with 
the other extreme case, viz. the evolution timescale of 
the companion (more precisely the braking timescale) is 
much longer than the ohmic decay timescale. In this 
limit the magnetic field will ‘track’ the period. This may 
be the case in low-mass binaries. 

In the past the evolution of neutron stars has often 
been represented in the B-P plane^^’^^. Hence it may 
be useful to display the evolution shown in Figure 2 in 
the B-P plane. This is shown in Figure 3. It may be 
recalled that the first-born neutron star in a massive 
binary is likely to be detected as a pulsar only in its 
second life (this is because even the weak stellar wind 
from the companion is enough to absorb the radio 



Period 

Figure 3. The evolution of neutron stars in the magnetic field 
period plane. The curve labelled ‘P corresponds to the case discussed 
in Figure 2a Curves ‘2’ and ‘3’ refer to two dilTerent 

situations in both of which "The ‘spin-up line’ is the 

equilibrium period line corresponding to accretion at the maximum 
possible Eddington rate. The ‘death line’ represents the lurn-off of 
pulsar activity. 


radiation emitted by the pulsar). In the majority of 
cases the second supernova will disrupt the binary, 
resulting in two isolated neutron stars. According to 
our model, the magnetic field of the first-born pulsar 
will decay because of the flux expulsion from the 
interior that occurred during the slow-down phase. The 
magnetic field of the second-born pulsar is not expected 
to decay significantly and its trajectory will be 
essentially horizontal (of course, if a fraction of the field 
is not entangled with the vortices then if buoyancy 
effects are important, then this field will escape to the 
crust and decay. This possibility has not been included 
in the figure). As for the pulsars from low-mass binaries, 
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such as the millisecond pulsars, they will essentially 
evolve with constant field as conjectured earlier^. 

It was mentioned above that the fields of spun-up 
pulsars will not decay significantly owing to their long 
spin-down timescales. It may be worth pointing out 
that there is an additional effect which will further 
stabilize their fields. When a dead pulsar is spun up, 
new vortices will be created in the neutron superfluid 
and these will move radially inward. This will increase 
the entanglement between the vortices and the fluxoids, 
and also push the field further in towards the core. This 
will be particularly important for pulsars spun up to 
ultra-short periods. 

5. Summary and discussion 

The mechanism for field decay advanced and discussed 
in this paper is distinct from all previous suggestions. 
Following the pioneering arguments made more than 
two decades ago^^“^^ we assume that the neutrons in 
the core are in a superfluid state, the protons form a 
type II superconductor, and the magnetic field threads 
the interior as flux tubes. Our basic point is that these 
fluxoids and the Onsager-Feynman vortices in the 
neutron superfluid may be strongly interpinned so that 
the evolution of the magnetic fields is related to the 
rotational history of the neutron star. As the neutron 
star slows down the neutron vortices will move radially 
outwards and be annihilated at the interface with the 
crust. In the process they will drag the fluxoids 
entangled with them towards the crust. The field thus 
transported to the crust will decay there owing to 
ohmic dissipation. 

In this scenario the fields of isolated neutron stars will 
not decay significantly since they will not slow down 
very much for the above process to be important. But 
since the fir$t>born neutron stars in binaries can and will 
slow down significantly their fields are expected to decay 
significantly. Since further decay due to slow-down after 
the binary phase is over is unimportant, these neutron 
stars will have residual fields which will be determined 
by the maximum period to which they were spun down 
before being spun up. We wish to emphasize that the 
details of the decay of the magnetic field and, in 
particular, the strength of the residual field are 
intimately related to the actual history of the neutron 
star in the binary. For example, a neutron star born in 
a low-mass binary owing to the accretion-induced 
collapse of a white dwarf may have a different (possibly 
higher) residual field than others born in standard 
supernovae. We plan to address these more detailed 
issues in subsequent publications. 

Comparison with observations 

(i) The most striking thing about the distribution of the 
derived fields of nearly 400 pulsars is that the 
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overwhelming majority of pulsars with very low 
magnetic field (say, <5xl0^^G) are in binaries. In 
fact, if one leaves out the very recently discovered 
pulsars in globular clusters, the only solitary ultra-low- 
field pulsar is the 1.5 millisecond pulsar PSR 1937 + 21. 
Even in this case there ^ are very strong reasons to 
believe that this pulsar, like the other millisecond 
pulsars, was spun up in a binary but eventually the 
companion got disrupted (see ref 31 for a summary of 
the arguments). Most of the pulsars in globular clusters 
are also in binaries. The few solitary ones can easily by 
understood in terms of the binaries being disrupted due 
to stellar encounters in the dense environment of a 
globular cluster. The fact that most of the low-field 
pulsars are in binaries lends strong support to our model. 

(ii) The inferred magnetic field of ^5 x 10^^ G for the 
neutron star in the X-ray binary Hercules X-1 (ref 32) has 
often been cited as a counterexample for the field decay 
hypothesis since this is believed to be an old system. In 
our opinion there are two possible reasons for the 
relatively high field. At present the neutron star is 
accreting from a disc and the rotation period is 1.2 s. If 
for some reason it was not slowed down significantly 
before disc accretion began then one would not expect 
a low field. Alternatively, if the slow-down occurred 
only recently a few million years), then the 
consequent field decay will occur only in the future. 

(iii) Most models constructed to explain the expo¬ 
nential decay of the magnetic fields of young pulsars 
over a timescale of a few million years cannot explain 
why this decay should stop, or dramatically slow down. 
The most attractive feature of our model is that it 
provides, for the first time, a natural explanation for the 
residual fields of old neutron stars. The fact that the 
residual fields of millisecond pulsars is smaller than 
those of the binary pulsars with massive companions 
(such as PSR 1913+16, PSR 0655 + 64, etc.) can be 
understood in our scenario if neutron stars in low-mass 
binaries are slowed down to much longer periods than 
in massive binaries. 

(iv) Although the low fields of binary pulsars may be 
understood in terms of our model it remains to be 
explained why the population of young pulsars, almost 
all of them solitary, show exponential field decay with a 
time constant of a few million years. This can be easily 
understood if the majority of pulsars are born in 
massive binary systems. Such systems will produce two 
pulsars and the binary will get disrupted as a result of 
the second supernova explosion. The second-born 
pulsar will not exhibit field decay but the first-born 
pulsar will show field decay (see Figure 3). Since in 
these systems the evCJlution time of the companion is 

the ohmic dissipation timescale in the crust, the 
actual decay will occur after the system has been dis¬ 
rupted and the decay will be exponential. Recently two 
independent arguments have been advanced which 
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support our hypothesis that the majority of pulsars 
may be born in massive binary systems. (1) The large 
number of transient X-ray sources discovered by the 
GINGA satellite^^ and identified v^ith B-emission X- 
ray binaries, suggest that the birth rate of these systems 
may be much higher than that of the standard massive 
X-ray binaries. (2) The most plausible explanation to 
date for the origin of the observed distribution of pulsar 
velocities is that the pulsars acquire their velocities 
owing to the disruption of the binaries. Again, this 
hypothesis requires that most pulsars are born in 
binaries^'*’’^^’^^. 

(v) Our model provides a simple explanation for why 
the gamma-ray bursters, which are presumably very old 
neutron stars, have high magnetic fields. If these are 
solitary neutron stars then, as explained in Section 4, 
their fields should not have decayed significantly! 

Finally, we wish to make a few general remarks. 
While the mechanism for field decay suggested by us is 
very attractive it should be emphasized that our 
extremely rough estimates should be regarded as the 
first attempt to explore the many rich consequences of 
the pinning hypothesis. Before any detailed analysis of 
the maximum magnetic field that can be trapped in the 
interior owing to pinning with the vortices can be 
undertaken, a better estimate of the pinning energy is 
required. Also, a clearer picture of the geometrical 
arrangement of the fluxoids and the qpre superfluid 
vortices is needed. It is conceivable that the fluxoids are 
bound together into ‘bundles’ as appears to be the case 
in hard superconductors^ ^ If the ‘bundles’ are of the 
dimension of the London penetration depth then each 
bundle might comprise several hundred quantized flux 
tubes. This might make pinning of the magnetic field to 
the vortices much easier. 

In this paper we have explored the implications of 
the rotational history for the evolution of the magnetic 
field. If the effects discussed in this paper are important 
then it goes without saying that the pinning of the 
vortices and fluxoids will also have interesting implica¬ 
tions for the rotational dynamics. The unpinning and 
repinning of these two sets of vortices may, in fact, be 
responsible for the phenomenon of glitchingrather 
than the pinning of the crustal superfluid as suggested 
by Anderson and Itoh^^ The pinning of fluxoids and 
vortices will also have important implications for the 
secular alignment of the magnetic axes and the rotation 
axes of pulsars. 
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Plantlet regeneration from tissue cultures of 
Sesbania grandiflora 


Suman Shanker and H. Y. Mohan Ram 
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A method has been established for the production of 
whole piantlets in Sesbanm grandiflora tissue cultures. 
Hypocotyl and cotyledon explants obtained from 10-12- 
day-old seedlings were cultured on B 5 medium supple¬ 
mented with BAP, BAP + NAA or BAP+NAA + GA3 
to induce callusing and organogenesis. Hypocotyl expl¬ 
ants were more amenable than cotyledon explants in 
terms of callusing and differentiation of shoot buds. The 
number of shoot buds formed in a period of 4 weeks from 
the hypocotyl and cotyledon cultures ranged from 2 to 12 
and from 1 to 4 respectively. Serial transfer of cultures 
(after every 4 weeks) on BAP, BAP + NAA, BAP^- 
NAA + GA3 and BAP + GA3 enhanced the number of 
shoot buds to 15-25 in hypocotyl cultures and to 4-8 in 
cotyledon cultures in 12 weeks. Subsequently, however, 
the callus lost the ability to either proliferate or 
differentiate more shoot buds. Ninety to 160 shoot buds 
could be obtained from the explants of a single seedling 
in a period of three months. Whole piantlets were 
obtained when the elongated shoots were planted on B 5 
medium supplemented with IBA (5x 10"“^’ M). A histo¬ 
logical study of the cultures showed the presence of 
‘meristemoids’ and vascular ‘nodules’. The former 
developed into shoot-bud meristems. 

Much interest has been evinced in recent times in the 
propagation of leguminous trees by tissue culture. 
Micropropagation can speed up the production of 
planting stocks. This has also formed the basis of 
creating somaclonal variants and for producing a novel 
source of genetic variability with potential for 
improvement^’^. In leguminous trees, isolation of 
somaclonal variants with high nitrogen-fixing capabili¬ 
ties and high biomass production will be of immense 
value. 

Regeneration of whole leguminous tree species from 
callus via shoot production has been reported in 
Acacia, Albizia, Dalbergia, Leucaena, Prosopis and 
Robinia (see the recent review by Bajaj^). The 
arborescent Sesbania spp. have been recommended in 
social forestry programmes in India because of their 
multiple uses. 

We have published preliminary data on shoot bud 
differentiation in tissue cultures of Sesbania sesban'^ and 
S. grandiflora^. The other reports demonstrating 
morphogenetic potential in tissue cultures of Sesbania 
are those on S. bispinosa^ and S. rostrata (considered to 
be one of the most powerful N 2 -fixing systems (about 
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200 kg N 2 /ha in 50 days)*^) by Vlachova e( Fhc 
latter authors have also attempted to induce Agrtdmc- 
terium-mediated infection to develop a transforniafii>n 
system in S. rostrata. Mathews et reported tliat 
regeneration of shoots from stem and leaf cxplants 
occurs at a low frequency in S, rostrata. Howeveu in 
the crown gall tumours induced in this plant (with 
Agrohacterium turnefaciens), the frequency of regenera¬ 
tion of normal non-transformed, nopalinc-ncgativc 
shoots was substantially increased. 

In this paper we outline the procedure for whole 
plantlet regeneration and maintenance of cultures 
through serial transfers of .V. grandiflora, a versatile tree 
legume. S. grandiflora grows amazingly quickly and 
provides forage, firewood, pulp and paper, food, and 
green manure. It is also used for landscaping. This 
species is ideally suited for alTorcstation rvf eroded and 
grassy wastelands throughout the tropic.s. 

Methods 

Seeds of S. grandiflora were purchased from the inarkel 
in Tiruchirapalli, Tamil Nadu, India. Fhey were 
surfacc-sterilized and implanted in tubes containing 
agar (0.8%)4-sucrose (2%) (for details see Khattai and 
Mohan Ram*^). In the initial experiments it was 
observed that 50 60% of the seeds germinated in 5 6 
days. However, soaking them in dilute sulphuric acid 
(l:4v/v) for 10 min before sterilization promoted a 
high percentage (90 lOOyo) of germination within 2 3 
days of planting. 

Germination was hypogeal, Hypocotyl explants (1 cm 
long) were prepared from aseptically grown seedlings iT 
the same length. Each cotyledon was cut transversely to 
obtain ~0.5-cm-long pieces. While preparing cxplants 
from the cotyledon, care was taken to remove the basal 
2-3 mm as this could contain a pre-existing meristem. 
A comparison of the performance of explants obtained 
from seedlings that were 4, 6, 8, 10, 12 and 14 days old 
indicated that explants from 10- and 12-day-old 
seedlings were the most responsive. 

B 5 medium^^ was used as the basal medium (BM). 
Explants were cultured on BM supplemented with 6- 
benzylaminopurine (BAP), a-naphthaleneacetic acid 
(NAA) and gibberellic acid (GA3) individually and in 
several combinations at concentrations ranging from 
10’^ to 10“"^ M, 
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Figure 1. Sesbania grandijlora hypocotyl and cotyledon explant culture, a, Hypocotyl explant has formed a few shoot buds from the 
slightly callused cut ends on BAP (5 x 10"*’ M) (4 weeks old), b. Numerous thick roots have arisen from cotyledon callus (in contact 
with the medium) on BAP (10"‘'M) + NAA (10"’M) (4 weeks old), c, Callus formed from hypocotyl explants differentiated 
numerous shoot buds on BAP (10'* M) + NAA (10'* M) + GA 3 (10"* M) (4 weeks old), d. Induction of more shoot buds occurred 
when hypocotyl cultures initially raised on BAP (10~* M) were transferred to BAP (10 * M) twice (after every 4 weeks). The shoot 
buds, however, remained suppressed in their growth, e. Fate of hypocotyl explants grown through different passages: BAP 
(10"* M)+NAA (10"* M)+GA 3 (W* M)-*same medium-♦BAP (10"* M) in long-term callus cultures. Numerous tiny shoot buds 
can be seen, f. Elongation of shoot buds occurred when the hypocotyl cultures were transferred to BM after raising them on BAP 
(10'*M)'+NAA (10"* M)+GA 3 (10"* M) (for 12 weeks), g. Cotyledon culture raised on BAP (5x 10"*M) for 12 weeks. Shoot 
buds have become slightly elongated, h, A cultured shoot after 6 weeks growth on BM + IBA (5 x 10 * M). Note root development 
from the base. 
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The cultures were stored in a sterile room at 26 ± 2°C 
under a 16/8 h light/dark cycle. Light supplied from 
fluorescent tubes had an intensity of 200/iEm"^S“L 
For every treatment 48 explants (24 each for hypocotyl 
and cotyledon explants) were raised. The cultures were 
maintained through serial transfers at 4-week intervals. 
The parameters studied were extent of callusing, 
number of shoot buds formed, and length of shoot 
buds. 

To prepare microtome sections the callus masses 
containing shoot buds were fixed in FAA (formalin/ 
glacial acetic acid/70% ethanol) for 24 h and preserved 
in 70% ethanol. The material was dehydrated through 
an ethanoLxylene series and embedded in a mixture of 
paraffin and Histowax (3:1). Sections of 10 /im were cut 
using a rotary microtome, and stained with haemato- 
xylin and counterstained with erythrosin. 

Shoot and root induction 

Explants from hypocotyl and cotyledon yielded axenic 
cultures. In tree species characterized by a shift from 
juvenile to adult phase, it has been reported by various 
workers that explants of mature (adult) parts either do 
not survive or perform poorly, whereas those from 
embryonal, seedling or juvenile tissue yield vigorously 
growing cultures that arc potentially more regenera- 

tiveW"i*\ 

The main objectives of the present investigation were 
to identify a suitable treatment to (a) promote and 
sustain callus growth from the hypocotyl and cotyledon 
explanis and (b) induce high incidence of shoot-bud 
formation. Of all the treatments tested, only a few could 
induce callusing, and root and shoot formation. 

Addition of BAP (10" L 10""'^ M) to BM caused slight 
callusing and shoot-bud ( 2 - 12 ) production from 
hypocotyl explants. Callusing and shoot-bud formation 


were more abundant at cut ends than on the surface 
(Figure la). At these concentrations cotyledon explants 
formed only 1-4 shoot buds. Roots (2-9) were formed 
from hypocotyl and cotyledon explants on a medium 
containing BAP (10‘“^M) + NAA (10~^M) and BAP 
(10"''M) + NAA(10“'M) + GA 3 (10""''M) (Figure Ifc). 
In the remaining BAP + NAA and BAP + NAA + GA 3 
treatments, either only callusing or callusing with shoot 
buds (2-5) was noted. BAP (10~^ M)4- NAA (10"^ M) 
4 -GA 3 (10”^ M) proved the best among several 
combinations for callusing and shoot-bud (2-13) 
differentiation (Figure \c) from hypocotyl explants. 
Cotyledon explants were less responsive and formed 
only 3 or 4 shoot buds in this treatment. 

Serial transfers 

Because of their better responsiveness hypocotyl 
explants were selected to assess response in subsequent 
transfers. With the objective of causing further 
proliferation of the callus and enhancing shoot-bud 
regeneration, hypocotyl cultures were transferred (as a 
whole) serially on various media. The study on serial 
transfer of cultures showed that (i) BAP (10"^M)4- 
NAA (10“^ M) + GA 3 (10“"^ M) promoted good callus¬ 
ing, (ii) BAP (10“^ M) (Figure \d,e) and BAP M) 
+ GA 3 (10 M) stimulated production of more shoot 
buds, and (iii) BM (Figure 1/) and BAP (1()'"^M) + 
GA 3 ( 10 “''M) caused elongation of shoot buds already 
present (Table 1). 

The number of shoot buds from hypocotyl cultures 
increased to 15-25 till the third passage (Table 1). After 
the third transfer no appreciable change in either callus 
growth or number of shoot buds was observed in the 
cultures. During the same period, cotyledon cultures 
formed only 4-8 shoot buds on medium containing 
BAP (10“^ and 5 x 10"'' M) or BAP (10“'’ M)"f NAA 


Table 1 . Sesbania gramliflora: Giowih of hypocotyl explants in serial transfers* 


Treatment and response 


Initial medium 


First transfer 


Second transfer 


O 

Third transfer 


BAP (10 "M) 

BAP (10"'’M) 

BAP(10-‘M) + NAA 

BAP(10-''M) + NAA 

BAP (10''’ M) + NAA 

( + , 7, 0.2 1) 

( + ,7,0.2 1) 

(lO-" M)-t-GA3 (lO-'- M) (10-‘ M)-1-GA3 (10"* M) (lO"'’ M) + GA3 (lO"'’ M) 

(-f -1-, 8 -10, 0.2-0.5) (+ -1-, 8-10, 0.2-0.5) (-1- +, 8-10, 0.2-0.5) 


-o- 

O 

"O' 

0- 

BAP(I0-*M) 

BAP (10-'’M) 

BM 

BAP(10-‘M) + NAA 

BAP (10''’ M)+NAA 

( + , 10, 0.2 -1) 

( + , 10.0.2-1) 

(+ +, 8-10, 0.5-2) 

(10-‘ M)+GA3 (10-'’ M) (10-^ M)-t-GAi (10'^ M) 
(-(- + 8-10, 0.2-0.8) (+ + + , 8- id, 0.2 -0.8) 

0 

O 


'O' 

•0 

BAP (10-'’M) 

BAP (10-‘ M)4- 

BM 

BAP (10-‘M)-!-NAA 

BAP (10-'’M) 

1-t-, 15-20,0.2-1) 

GA3(10-''M) 

(-1-, 12-15, 0.2-3) 

(++,8-10, 0.5-3) 

(10"‘M) + GA3 (10-'’M) 
(+ + +, 15-17, 0.2-1) 

( + + + , 15 25,0.2- 1.3) 


0 

0 

0- 

O' 

BAPllO-'-M) 

BAP (10-‘M)-(- 

BM 

BAP(10-‘M)-1-NAA 

BAP(10-‘M) 

(+. 18-25, 

0.3-1.2) 

GA3(I0-''M) 

(-(■, 12-18, 0.4-3) 

(++,8-11,0.5-3.5) 

(10-‘M) + GA3 (10-'* M) 
(+ + + , 15-17, 0.2-1) 

(+ + +, 15-25, 0.2-1.3) 


Data based on 24 cultures. 

Figures in parentheses are extent of callusing (denoted by + signs: + (slight), ^ + (moderate). + -f + (profuse); range of number of shoot buds; 
shoot length (in cm). 

♦Culture period for each treatment is 4 weeks. 
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Figure 2. Sections of S. grandijlora hypocotyl and cotyledon explant cultures, a i\ Portions enlarged from iransections hypocotyl 
(fl, b) and cotyledon cultures (c) (raised on BM + BAP (lO"^ M) + NAA (10 ^ M) + GA 3 (10 M) to .show meristemoids farrows) in 
the callus), d, Development of young shoot-bud meristems in peripheral region of nodule. DifTcrenliation of many /tmcs consisting of 
elongated tracheid-like cells can be seen, e, Transverse section of part of hypocotyl culture .showing several shoot-hud mcristerns 
(arrows) arising from meristemoids. /, A young developing shoot bud consisting of a meristcm surrounded by a pair of leaf primordia 
in longitudinal section, g. An elongated bud in longitudinal section. 
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(10“^ M) + GA 3 (10“^ M), and transferred after every 4 
weekL (figure Ig), Thus, using hypocotyl and cotyledon 
explants of a single seedling (4 cotyledon and 5 
hypocotyl explants), it is possible to obtain 90-160 
shoot buds in 3 months. 

The cultures of S. grandiflora responded differently 
from those of S. sesban"^'^^. Whereas S. sesban cultures 
were harder, highly nodular, and secreted copious 
amount of dark (brown-black) leachates (phenolics) into 
the medium, the cultures of S. grandiflora were less 
nodular, light brown, and produced no leachates. The 
shoot-forming ability of cultures of S. sesban was 
retained till the 12 th passage (i.e. over a period of one 
year). In contrast, S. grandiflora cultures lost their 
ability to regenerate after 3 passages (3 months after 
culture). 

In yitro-raised shoots measuring 3-4 cm were excised 
and rooted in a semisolid basal medium containing 
indole-3-butyric acid (IBA, 5 x 10~^ M). This treatment 
not only induced up to 10 roots per culture with 
laterals in 80% of cultures but also promoted shoot 
growth (length as well as number of axillary branches, 
Figure Ih). Semisolid medium facilitated the develop¬ 
ment of a strong root system in the plantlets. Attempts 
are being made to achieve successful transplantation of 
these plantlets to the field. 

Histology of cultures 

In sections the differentiating cultures showed the 
presence of meristemoids and vascular nodules. Whereas 
the nodules were accompanied by well-differentiated 
vasculature, the meristemoids lacked vascularization 
altogether (Figure 2a-d). Several shoot-bud meristems 
could be seen in sections of hypocotyl cultures (Figure 
2 c,/) suggesting that meristemoids eventually develop 
shoot-bud meristems. Figure 2g is an elongated bud in 


longitudinal section with the shoot meristem in the 
centre, surrounded by a pair of leaf primordia. 
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Laplace process 


S. Satheesh 

Department of Statistics, 
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University of Kerala, Trivandrum 695 581, 


The inOnite divisibility of the Laplace distribution allows 
definition of a stochastic process wfith stationary 
independent increments. Here I show- that the Laplace 
process is not scale-invariant and is neither strictly 
stationary nor covariance-stationary. I also shovr that the 
Laplace process is subordinated to the standard Wiener 
process. 

The Wiener process or Brownian motion has been 
thoroughly investigated and has also found many 
applications in areas like economics, biology, statistical 
mechanics, etc. In this paper we introduce a process 
called Laplace process and some of its properties and 
contrast it with the standard Wiener process. A 
connection between the two is also established. 

The infinite divisibility of the Laplace distribution 
enables us to propose the following definition. A 
stochastic process {A(t), f^O} with stationary inde¬ 
pendent increments is called a Laplace process if 
A’(0)=0 and A(l) has characteristic function <t>(u, 1) = 
1/(1+u^). 

The definition suggests that the increment X{t + p)- 
X{t), p>0 has characteristic function ^{u,p) = (l + u^)~’’. 
It can be easily seen that for the Laplace process the 
mean of an increment Jf(r+p) —X(r) of magnitude 
p>0 is zero, variance is 2p and covariance is 
E X(s)X(t) = 2s, s<t. Some properties of the Laplace 
process are established below. 

PI. The Laplace process is neither strictly stationary 
nor covariance-stationary. 

Proof. Since the process has independent increments it 
cannot be strictly stationary unless it is degenerate. 
Since EX^{t) = 2t depends on the epoch t it is also not 
covariance-stationary. 

P2. The Laplace process is not scale-invariant. That is 
for each b>0, {X*(t) = bX{t/b^), f^O} is not a 
Laplace process when A^(r) is. 

Proof: Since ^[bu, (C/b^)] ?^^(«, t), where t) is the 
characteristic function of A'(t), the Laplace process is 
not scale-invariant. 

Since the Laplace process is symmetric and has 
stationary independent increments it possesses the 
differential and time reversal properties. 

P3. For the Laplace process X(t), {Z^(t), t>0} 

is a positive martingale for A in ( — 1,1), where 

Z,(c) = (l-A^)‘exp(AA(t)), = 0<s<t}. 

Proof: Here {#■„ t>0} is a nondecreasing family of 
sigma fields with = {£1, Q being the sample 
space. Thus (Z^ft), t>0} is an adapted family. For 

each t^O, E (Z;^(t))= 1. Thus, for s< t. 
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E{Z,{t)/^,) = (1 - A")' £(exp X(Xis) + A(r) - X(s))/^,) 
= (1 exp (AA(s)) 

= ZM 

P4. For the Laplace process X{t), {X^(t)-t, 
r^O} is a submartingale. 

Proof: As before one can see that {A^(f)-t, 
t>0} is an adapted family. Now, for s<U 

E{X^{t)-t/3^,) = E{{X(s) + X(t)-X(s)f-tl^,) 
= X^(s)-t + 2(t-s) 

>X^(s)-s. 

P5. The Laplace process is subordinated to the 
standard Wiener process. 

Proof: Let W^ix) denote the distribution of the 
standard Wiener process { Ffs), s>0}. Let F,(.ic) be the 
distribution of the process obtained by randomizing the 
time parameter s in y(s) by G,(x), the gamma 
distribution with parameter t. That is 

F,(x)= J lF,(x)dG,(.s). 

0 

Taking Fourier transforms on both sides we get 

<l>(u, t)= j exp (- suV2) dG,(.s) 

0 

= (l+wV2)"-^ 

which is the characteristic function of an increment of 
magnitude t in the Laplace process (scale changed). 

We may note that the standard Wiener process is 
scale-invariant. Also, for the standard Wiener process 
y{t), .F,, t^Oj is a martingale. 
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Optical phase conjugation in an 
absorbing dye by degenerate four-wave 
mixing using a broad-band laser 

K. P. B. Moosad and V. P. N. Nain|K>ori 

Department of Physics, Cochin University of Science and 
Technology, Cochin 682022, India 

Using a Nd: glass broad-band laser we have observed 
optical phase conjugation (OPC) signals in Kodak 14015 
dye. Signal intensity of the OPC beam was enhanced 
using the laser in Q-switched mode. We suggest that 
generation of OPC in the dye may be due to strong 
singlet-triplet crossover. 

Optical phase conjugation (OPC) is an emerging area 
of coherent optics involving the reversal of optical 
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wavefronts, both in direction and phase. OPC using 
degenerate four-wave mixing (DFWM) has been 
achieved. Most workers used pulsed and continuous- 
wave lasers of small bandwidth and very few studies 
using broad-band lasers have been reported. Tocho 
et al} reported OPC using a bandwidth of 2.3 nm. A 
theoretical analysis of OPC using broad-band lasers 
has been reported by Alber et al? In this communica¬ 
tion, we report the observation of OPC signals in an 
absorbing dye using a Nd ; glass laser. The bandwidth 
of the Nd: glass laser is of the order of 22 to 29 nm^, 
which is an order of magnitude more than that used by 
Tocho et al} 

The experimental set-up was as shown in Figure 1. 
The laser source is a home-made Nd: glass laser"^ which 
delivers 20-ns pulses at 100 mJ in the Q-switched mode. 
Laser power can be varied by changing the lamp 
power. The retroreflecting mirror M is a gold-coated 
plane glass plate kept at a distance of about one metre 
from the output mirror of the laser. The probe beam 
was incident on the sample at an angle of about 20 ° 
with respect to the pump beam. Kodak 14015 dye 
[fcis(4-dimethylaminodithiobenzil), € 321130 ^ 84 .] dissolved 
in 1 , 2 -dichloroethane was used as the nonlinear 
medium. The solution was taken in a thin cell of 
100 //m formed by cementing two glass plates together 
and was kept close to the mirror M. Initial adjustments 
were made using a He-Ne laser. The direction of the 
OPC beam was located by retroreflecting the probe 
beam and was detected using a PIN photodiode (HP 
4207). Noise due to off-axis modes of the laser cavity 
was reduced using proper spatial filters. 

In the free-running mode of the laser, the OPC beam 
was found to be very weak. Intensity of the signal was 
enhanced using the laser in the Q-switched mode. 
Signal and pump beams were monitored using two 
100 MHz storage oscilloscopes. Figure 2 shows the 



Figure L Experimental set-up to record OPC signal. M, Mirror; 
S, sample; BS, beam splitter; A, apertures; Sc, scatterer; D, detector; 
OSl and OS2, oscilloscopes; Q, Q-switch cell. 

CURRENT SCIENCE, VOL. 59, NO. 1, 10 JANUARY 1990 



Pump intensity (A U-) 


Figure 2. Dependence of OPC signal on pump intensity. 


dependence of OPC signal on pump power. 

The OPC character of the beam was confirmed by 
the fact that its direction was not affected when the 
sample cell was rotated and the signal disappeared 
when any one of the probe and pump beams was 
blocked. Measurements of OPC reflectivity were not 
carried out owing to noise limitations. It was found 
that OPC signal has a decay time of a few milliseconds. 
The generation of OPC in the absorbing dye may be 
due to strong singlet-triplet crossover. A similar 
mechanism for OPC generation in saturable dyes has 
been suggested by various authors^ ” 

In conclusion, this paper describes a successful 
scheme for generating OPC of a broad-band laser in 
DFWM mode. 
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Palaeoclimatic implication of size 
variation in Orbulina universa in a core 
from the North Indian Ocean 

Rajiv Nigara 

National Institute of Oceanography, Dona Paula, Goa 403 004, 

India 

Sea temperature and salinity influence mean diameter of 
the external shell of the planktonic foraminiferal species 
OrbuUnB universa d’Orbigny. Using these relationships, 
and data from samples in a sediment core from the 
Indian Ocean, it may be inferred that marine trans¬ 
gression events occurred at about 8800, 5500 and 2200 
years BP. 

The planktonic foraminiferal species Orbulina universa 
d’Orbigny is a common and widely studied species in 
all the oceans. Be et al} and Hecht et al} studied the 
variation in mean diameter of the spherical test 
(external shell) of this species in surface sediment 
samples from the Indian Ocean and found that a direct 
correlation can be demonstrated between mean test 
diameter of 0. universa and surface water temperature. 
Recently, Haenel^ reanalysed the Be et al} data statis¬ 
tically and showed that mean diameter of this species 
is (i) directly proportional to temperature (r = 0.90), and 
(ii) inversely proportional to salinity (r= —0.46) and 
density (r = - 0.93). 

Attempts have been made to utilize these ecological 
relationships to study palaeoclimates in various regions. 
Malmgren and Williams'^ studied the Gulf of Mexico 
and noticed that inconsistencies in results preclude the 
use of mean size of 0. universa as a palaeoclimatic index 
in Late Quaternary sequences in that region. However, 
Be and Duplessy-*^ have shown that mean size of the test 
closely follows palaeoclimatic trends (oxygen isotope 
ratios) in Late Quaternary deep-sea cores from 
temperate areas of the southern Indian Ocean (31-32'^S). 
Haenel also noticed the utility of this species in the 
study of palaeoclimates of the Red Sea. From the above 
two studies it is apparent that at least in the Indian 
Ocean region this species can be used to study palaeo¬ 
climatic fluctuations. 

The objective of the present study is to determine the 
Holocene palaeoclimatic variations in the northern 
Indian Ocean using data on mean diameter of O. universa. 

During the twelfth cruise of OR V Sugar Kanya in the 
Arabian Sea, one 5 m long box core (SK 12/1) was 
collected from the eastern flank of the Carlesberg Ridge 
at a water depth of 3869 m (Figure 1). This core has 
been subsampled at every 5 cm interval .up to a depth of 
1 m. All the samples were washed through a > 125 /xm 
mesh and tests of 0. universa were picked from the 
+ 125 fraction. A total of 1115 specimens from 21 
samples were used to calculate mean size of the tests. 
Measurements were made using a microscope with a 
graduated eyepiece at a magnification of 40. 
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Figure 1. Map showing location from which core SK 12/1 was 
obtained. 

Abundance of total planktonic foraminifera was used 
to obtain a time standard (Figure 2a). Several 
workers^ have proposed that the number of plank¬ 
tonic foraminifera may be used to fix the Pleistocene/ 
Holocene boundary (i.e. 11,000 yr BP). It was suggested 
that the top of the aplanktonic zone corresponds to the 
isotopic stage 1/2 boundary^’Locke and Thunell^ 
found that isotopic stage 1 is characterized by 
abundant planktonic foraminifera, whereas stage 2a is 
characterized by low abundance or absence of planktonic 
foraminifera and corresponds to the interval 20,000 to 
11,000 yr BP. In core SK 12/1, although foraminifera 
do not completely disappear, they show a prominent 
low (778 in 1 g) at 50 cm depth, above which again 
there is a sharp increase (peak 6562). Therefore the 
boundary can be fixed at around 50 cm depth in core 
SK 12/1. This observation is further supported by the 
0 . universa abundance curve, which also shows a 
trough at 50 cm depth (Figure 2b), Earlier, Haenel^ 
showed, on the basis of Reiss’ data, that the 11,000 yr 
BP boundary coincides with the rare/absent portion of 
a curve showing abundance of 0. universa. In view of 
the foregoing it is concluded that the upper 50 cm of 
the core encompasses a time span of about 11,000 years 
(i.e. the last interglacial). 

Figure 2c shows the down-core variation in mean 
diameter of 0. universa. The mean varies from 0.47 to 
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Planktonic foraminifera in fg. sediment No. of Q Uni versa in I g. dry 
(xIOOO) VcUlment 


Mean diameter of 0. Universao 
(mm) 



Figure 2. a. Variation in number of planktonic foraminifera in 1 g of dry sediments, b. Variation in number of Orhulina universa 
in 1 g of dry sediments, c, Variation in mean diameter of Orhulina universa. 


0.63 mm. However, the minimum diameter was 0.225 mm 
(at St. no. 75-80 cm) and maximum diameter 1.19 mm 
(at St. no. 20-25 cm). The mean diameter curve shows 
three peaks, at 10, 25 and 40 cm, in the portion of the 
core deposited during the last interglacial. As discussed 
earlier^ since mean diameter of 0. universa is 
inversely proportional to salinity and directly propor¬ 
tional to temperature, it may be concluded that, during 
the Holocene, high temperature and low salinity condi¬ 
tions prevailed at about 8800, 5500 and 2200 yr BP and 
climatic fluctuations occurred. Since, in the Holocene, 
high temperature and low salinity conditions were 
coupled with rise in sea level due to melting of polar ice 
caps, it is further proposed that the above three dates 
may indicate episodes of marine transgression. 
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Fossil flowers from Kasauli Formation 
near Barog, Himachal Pradesh 

S. Mehra, V. P. Mishra and Anil K. Mathur 

Geological Survey of India, Sector E, Aliganj, Lucknow 226 020, 
India 

Well-preserved fossil flowers were found in the Kasauli 
Formation, which is part of the Lower Tertiary 
sedimentary sequence in the Himalayan region. These 
records are significant as fossil flowers are very rare in 
the Tertiaries of the Himalaya. 

The DagwShai and Kasauli formations represent part of 
the Lower Tertiary sedimentary sequence between the 
marine Subathu and freshwater molasse Siwalik Group. 
The Kasauli Formation represents well-established 
terrestrial conditions supported by the presence of 
unionids and fragmentary plant remains^Well- 
preserved fossil flowers, inflorescence and bud have 
been discovered in this formation and are recorded 
here. These were found in the greenish-grey siltstones 
exposed along the Kalka-Shimla road (Figure 1), 
1.2 km NNW of Barog (30"53'53"N, 77"04T5"E; 
altitude 1725 m). 

The Kasauli Formation in this section consists 
mainly of massive grey sandstones and greenish-grey 
silty shales and siltstones. In addition to the flowers, 
well-preserved dicot and monocot leaf impressions are 
also present in this formation and have been collected 
from several localities in this section. The discovery of 
flowers is significant as they are of rare occurrence and 
almost unknown from the Tertiaries of the Himalaya. 

The fossil plants reported earlier from the Kasauli 
Formation include form genera Poaches, Palmophyllum 
and Dicotylophyllum'^'^ and a single natural taxon Sabal 
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major Heer.^ The systematic description of fossil flowers 
recorded here is based on Polunin and Stainton^ and 
comparisons are with the Icons at the National 
Botanical Research Institute, Lucknow. 

Flower type I (Figure 2a) 

Description: Flower simple, lacking reproductive parts 
owing to shedding/preservation, actinomorphic with 
seven free sepals and seven free petals in alternate 
arrangement; sepals less than half the length of petals, 
thin, lanceolate, acute with entire margin, visible 
maximum length 0.9 mm and width near proximal end 
0.2 mm; petals spathulate, length of fully developed 
petal 2 mm; thalamus round with 1.3 mm diameter, 
nature not clear; maximum diameter of flower 4.8 mm. 

Remarks: The fossil flower bears superficial resemb¬ 
lance in shape and size with Hypericum japonicum 
Thumb, ex Murray (family Guttiferae) but differs from 
the latter in having more sepals and petals. In number 
of petals and sepals it is comparable with flowers of 
family Theaceae but differs from the latter in size 
Figure 1. Map showing fossil locality. (smaller) and shape of petals. 






Figure 2. Fossil flowers from Kasauli Formation: a, flower type I: b, inflorescence; c, flower type 11; d, bud (scale bar 1 mm). 
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Repository No.: Geological Survey of India, Northern 
Region, NRP/1/808. 

Flower type II (Figure 2c) 

Description: Flower apparently regular with three 
preserved petals (could be four or five) which appear to 
be free, broad, bluntly rounded; maximum width of well- 
preserved petal 3 mm; preserved flower 1.1 cm across. 

Remarks: The flower is incomplete to afford systematic 
placement but can be compared in overall appearance 
to members of family Rutaceae. 

Repository No.: Geological Survey of India, Northern 
Region, NRP/1/810. 

Inflorescence (Figure 2b) 

Description: One more or less complete inflorescence 
with its counterpart; sympodially growing cymose 
inflorescence having rounded branched cluster of tiny 
flowers; bracts small, alternate; structure of individual 
flowers not clear; flowers tiny, possibly having four 
petals; inflorescence 3.5 mm across. 

Remarks: The inflorescence, though almost complete, 
is difficult to compare with any modern form, but its 
overall shape and four-petalled tiny flowers give the 
impression of an inflorescence of the Crucifereae. 

Repository No.: Geological Survey of India, Northern 
Region, NRP/1/809. 

Bud (Figure 2d) 

Description: A compact and undeveloped small flower 
bud with its counterpart apparently having bud 
scales/sepals opened; sepals/bud scales broad, bluntly 
rounded; undeveloped bud obtusely rounded apically; 
bud 5 mm across. 

Remarks: Due to incomplete nature the bud could not 
be compared with any modern flower bud. 

Repository No.: Geological Survey of India, Northern 
Region, NRP/l/811. 
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Alligatorine teeth from the Deccan 
Intertrappean beds near Rangapur, 
Andhra Pradesh, India: Further 
evidence of Laurasiatic elements 

Rajendra Singh Rana 

Department of Geology, Kumaun University, Nainital 263 (X)2, 

India 

Alligatorine teeth recovered from Intertrappean beds in 
the Deccan represent the first record of Indian 
alligatorines near the Cretaceous-Tertiary boundary 
level. The present record also suggests that there was a 
dispersal corridor for faunal exchange between the 
Laurasian and Gondwanian continents. 

Teeth recovered from the Intertrappean locality near 
Rangapur, Rangareddi District, Andhra Pradesh 
(Figure 1), provide the first evidence of Indian alliga¬ 
torine crocodiles near the Cretaceous-Tertiary boundary 
(KTB) level. The alligatorids are mainly of Eurasiatic 
distribution, and known from North America 
Europe^’® and China'\ Their presence in India lends 
support to the hypothesis of a dispersal corridor 
between the Laurasian and Gondwanian continents. 

The otolith assemblage and charophytic flora have 
already been described from the study area^^’^^ The 
microvertebrates include fishes, amphibians, turtles, 
snakes, lizards, crocodiles and mammals. The teeth 
belong to order Crocodilia, suborder Eusuchia, family 
Crocodylidae and subfamily Alligatorinae. 

The collection represents three morphological types 
belonging to the posterior and anterior part of the jaw. 
The posterior crushing teeth, characterized by small size 
(5.0 mm to 6.0 mm in width, and 2.0 mm to 3.0 mm in 
height), are typically button-shaped, have wrinkled low 
crowns sharply separated from the root (Figure 2d), are 
bluntly rounded, and do not appear striated. They are 
somewhat laterally compressed, showing the presence of 
weak carinae extending from apex to base (Figure 2e) 
and are laterally symmetrical and swollen at the 
gingival margin. The elliptical basal part seems 
trilobate (Figure 2a, b, d). These teeth exhibit 
similarities with the posterior teeth of Hassiacosuchus 
kayi known from the Lower Eocene of Wyoming 
(Mook, 1941, plate XXV and fig. 1)^, isolated teeth of 
alligatorid recovered from the Upper Cretaceous of 
Austria and southern France (Buffetaut, 1980, fig. 6)"^, 
and teeth of Brachychampsa montana, Allognathosuchus 
and Asiatosuchus described from the Late Cretaceous- 
Early Tertiary Formations of North America, Europe 
and China 

The second type of teeth (Figure 2e,f), subtriangular 
in shape, with pointed apices and carinae and with 
bilobate base, bear close resemblance with the median 
teeth of Brachychampsa, Allognathosuchus and Asiato- 

40 


RESEARCH COMMUNICATIONS 



Figure 1. a, Location map, showing fossiliferous localities, b, Stratigraphic section near Rangapur. 


suchus. The third, anterior type, teeth are conical in 
shape, show carinae-bearing pointed apices and globular 
base (Figure 2g, h, i). These also resemble the anterior 
teeth of H, kayi and B. montana. 

The alligatorids are considered to be Laurasian 
elements which first appeared in the freshwater deposits 
of North America and Canada about 70 Myr ago^^. 
The presence of alligatorines in the Intertrappean beds 
of the Indian subcontinent provides additional evidence 
in the interpretation of their palaeobiogeography. Two 
alternative models can be put forward to explain their 
presence. These depend essentially on early evolutionary 
history and centre of origin of alligatorines. Their 
occurrence in Late Cretaceous-Early Palaeocene horizon 
in North America, Europe and China and now in India 
may imply a quick dispersal after origin in any of the 
regions mentioned above. On the other hand, there is a 
possibility of the Indian taxa being convergent forms. 
Relationships to Bernissartia cannot be ruled out. In 
order to demonstrate the validity of the first hypothesis, 
stratigraphic data of fine resolution are needed. To 
support the second model, greater taxonomic precision 
based on better material is needed. 
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In recent years a large number of KTB freshwater 
and terrestrial biotas from peninsular India, exhibiting 
affinities with Laurasian and Gondwanian forms, have 
been found. These include ostracodes^^, charophytes^^’^^, 
pollens (Aquilapollenitesy^, fishes (Lepidotes, Lepisosteus, 
Osteoglossidae, Notopteridae)^^’^'^, amphibians (Pelo- 
batidae)^^ turtles (Pelomedusidae)^^, dinosaurs^^ and 
therian mammalsand indicate that India was not an 
isolated island continent. The presence of Laurasian 
alligatorid crocodile in India supports the earlier 
hypothesis that there was a dispersal corridor for faunal 
exchange between India and Laurasia^^’^^. 

The alligatorids indicate freshwater coastal plain 
environment. At Rangapur, while the fauna is predomi¬ 
nantly freshwater of a coastal plain, there are marine 
elements {Pycnodus, Dasyatis, Igdabatis, Enchodus and 
Eotrigonodon) also. The predominance of molluscan 
shells in the Intertrappean beds of Rangapur and the 
highly etched and pitted surface of the alligatorine 
crushing teeth strongly support Carpenter and Lindsey’s 
view^ that the alligatorids were molluscivorous and 
chelonivorous. The etching and pitting of the surface of 
the teeth are interpreted as resulting from the action of 

CURRENT SCIENCE, VOL. 59, NO. 1, 10 JANUARY 1990 






























RESEARCH COMMUNICATIONS 



Figure 2. AHigatorine teeth from Deccan Intertrappean buds, a d. Posterior teeth: a and h, lateral view (x 10.3), f, apical view 
of another tooth (x 11.27), d, basal view of another tooth ( x i().6);. e, median tooth (x 9.0); / median tooth ( x 9.1); conical 
tooth ( X 19.6); /i, conical tooth (x 7.4); /, conical tooth ( x 15.3). 


the strong gastric juices of the molluscs and chelonian 
vertebrates. 
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Degradation of a simple lignin model 
substrate by microorganisms from 
different environments 

N. Vasudevan and A. Mahadevan 

Centre for Advanced Study in Botany, University of Madras, 

Madras 600 025, India 

AlcalJgenes sp. and Bacillus subtilis (i) utilized 3-(o- 
methoxyphenoxy)-!,2-propanediol as sole carbon source 
but B. subtilis (ii) and Candida albicans did not. 
Utilization of the compound by B. subtilis (i) and 
Akaligenes sp. improved in the presence of glucose or 
sucrose. 

The' complex molecular structure of lignin, which has a 
variety of functional groups and different types of 
linkages between the monomer units, makes it recalci¬ 
trant to microbial attack ^ Although fungi, especially 
basidiomycetes, have been mainly used to study lignin 



Figure 1. Utilization of guaiacol glyceryl ether by Akaligenes sp. 
(O), B. subtilis (i) (•), B. subtilis (ii) (x) and C. albicans (A). 



Figure 2. Effect of glucose on utilization of GGE by a, B. subtilis (i); b, B. subtilis (ii); c, Akaligenes sp.; d, C. albicans, x 2.5 mM 
Glucose; O, 5.0 mM,glucose; #, 2,5 mM GGE; A, 2.5 mM GGE + 2.5 mM glucose; □, 2.5 mM GGE + 5.0mM glucose. 
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cleavage, bacterial degradation of lignin and lignin 
model compounds has not received much attention^. Of 
the many types of linkages, jS-0-4 and phenylcoumaran 
type of linkages containing ether linkages are impor¬ 
tant^. We tested Bacillus subtilis (i), B. subtilis (ii) and 
Alcaligenes sp. isolated from forest soil containing 
decaying wood for their capacity to degrade 3-(o- 
methoxyphenoxy)- 1 , 2 -propanediol (guaiacol glyceryl 
ether, GGE), a lignin model compound. The influence 
of sugars on utilization of the model compound by the 
organisms was also studied. 

Alcaligenes sp., B. subtilis (i) and B. subtilis (ii) were 
isolated by enrichment culture technique from paper 
mill sediments and forest soils containing decaying 
wood using black liquor lignin (0.05% w/v) as sole 
carbon source. They were identified by standard tests^. 
Cultures were maintained on Dye’s medium"^ containing 
glycerol as carbon source. The medium (pH 7.2) 
contained (in g/l) (NH 4 ) 2 HP 04 , 1.0; KH 2 PO 4 , 2.0; KCl, 
2 . 0 ; MgS 04 - 7 H 20 , 0 . 2 ; Fe(NH 4 ) 2 S 04 , 0 . 01 ; glycerol 
2.15 ml. Candida albicans was from our culture 
collection and maintained on malt extract medium. 


Growth of the organisms on GGE was studied by 
aseptically adding filter-sterilized GGE (Sigma) to 
medium (pH 7.0) containing^ (in g/l) K 2 HPO 4 , 1.6; 
KH 2 PO 4 , 0.5; (NH4)2S04, 1.25; MgS04-7H20, 0.5; 
NaCl, 0.25; FeCl 3 * 6 H 20 , 0.025; CaCl 2 , 0.010. Cells 
grown (24 h; SxlOVmil) on glycerol or malt extract 
medium were inoculated into 20 ml of medium and 
incubated at 30°C in static culture. Growth rate was 
monitored by measuring turbidity at 540 nm in a 
Spectronic 710 colorimeter. 

GGE served as a good substrate for B. subtilis (i) 
isolated from forest soil. But another strain, B. subtilis 
(ii), did not utilize GGE (Figure 1). Alcaligenes sp. 
isolated from paper mill effluents utilized GGE after a 
prolonged lag; C. albicans did not. 

Nutritionally simple carbon sources such as glucose 
and sucrose may influence the dissimilation of GGE. 
Therefore we tested the utilization of the compound in 
the presence of glucose or sucrose. Addition of 2.5 mM 
glucose to GGE markedly enhanced the growth of 
B. subtilis (i) compared to glucose alone at 5 mM 
(Figure la). In the case of B. subtilis (ii) growth was 



32 64 96 128 32 64 96 126 

Time (h) 


Figure 3. Effect of sucrose on utilization of GGE by a, B. subtilis (i); by B. subtilis (ii); c, Alcaligenes sp.; dy C. albicans, x, 2.5 mM 
Sucrose; O, 5.0 mM sucrose; •, 2.5 mM GGE; A, 2.5 mM GGE+ 2.5 mM sucrose; □, 2.5 mM GGE+ 5.0 mM sucrose. 
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diauxic with GGE + 5 mM glucose (Figure 2b). Addition 
of glucose to GGE significantly suppressed growth of 
Alcaligenes sp. (Figure 2c). 

Growth of B. subtilis (i) on GGE was high in 
presence of GGE + sucrose (Figure 3a) and was diauxic 
in GGE + 2.5mM sucrose. In GGE + 5mM sucrose 
Alcaligenes sp. showed diauxic growth (Figure 3c). 
C. albicans did not utilize GGE even in the presence 
of glucose or sucrose (Figure 2d, 3d). 

It is of interest to record that two strains of B. subtilis 
from the same forest soil had contrasting characteristics 
with respect to utilization of GGE. The inability of 
B. subtilis (ii) and C. albicans to utilize GGE suggests 
that they lack the capacity to produce the enzymes 
required for utilization of the compound. 

Attempts have been made to enhance the degradation 
of lignin model substances by using additives such as 
succinate, glucose and cellobiose^. Muranaka et al.^ 
reported that glycerol increased the degradation of 3-(2- 
methoxy-4-formylphenoxy)- 1,2-propanediol by Flava- 
bacterium ferungium and F. ringense. In contrast, cell 
yield of Alcaligenes sp. and B. subtilis (i) was higher when 
grown on GGE alone than when grown on glucose. 

Low levels of glucose and high levels of nitrogen 
allowed rapid release of ^*^€02 from methoxy groups of 
vanillic and syringic acids^. Pseudomonas tahact\ 
P. putida^^ and Rhodotorula mucilaginosa^^ cells grown 
on glycerol or glucose oxidized aromatic substances 
only after a prolonged lag because of enzyme 
repression. The diauxic pattern we have observed must 
be due to utilization of the easily metabolizable 
substrate glucose or sucrose initially, followed by 
utilization of GGE. 
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Ethanol injection into the 
suprachiasmatic nuclei disrupts the day 
night feeding rhythm in the Wistar rat 

V. Reghunandanan, R. K. Marya, B. K. Maini and 
R. Reghunandanan 

Department of Physiology, Medical College, Rohtak 124 001, India 

Effect of ethanol injection on the circadian rhythm o 
food intake in Wistar rats was investigated. Ethanol wa: 
injected into the bilateral suprachiasmatic nuclei (SCN 
through a chronically implanted cannula. The circadiai 
rhythm of food intake was disrupted by injections durin| 
the beginning of light and dark (LD) phases of the LE 
cycle, with no significant change in total daily foo« 
intake. Increase or decrease in concentration of ethano 
did not produce any change in the extent of disruption 
Saline injection or injection of ethanol into the area neai 
SCN had no effect on the circadian rhythm of foot 
intake. It is suggested that, by inhibiting vasopressii 
function, ethanol altered the circadian rhythm of foot 
intake. 

Undf.r normal environmental conditions the light dart 
(LD) cycle acting as a zeitgeber or entraining stimulus 
brings about the entrainment of various circadiar 
rhythms. In the absence of the environmental time cues 
these endogenously generated circadian rhythms free- 
run with a period of approximately 24 h (ref 1) 
Entrainment by periodic stimuli in addition to the LC 
cycle is also possible. Certain chemicals can be a sourct 
of such periodic stimuli and act as a non-photic 
zeitgeber. though their ability to modify the circadiar 
rhythms varie.s, from mimicking the cfTcct of light b) 
carbachol* to slowing or dissociation of circadiar 
rhythms"’. 

Ethanol, which is one of the inhibitors of vasopressir 
(VP) function*, has been found to lengthen the 
endogenous tidal rhythms in i.sopods'’ and to lengther 
the period of locomotor activity rhythm in hamsters*. 
VP has been identified as a putative neurotransmitter at 
the suprachiasmatic nuclei (SCN)‘ and it is likely to 
take part in the control of various circadian rhythms, 
The objective of the present study was to investigate the 
effects of ethanol injection into SCN on the circadiar 
rhythm of food intake in the rat. 

Wistar rats weighing 200 300 g were housed ir 
individual cages. The temperature of the animal room 
was kept within 22 ± 2“C. The lighting regime consisted 
of 12:12 LD cycle with lights on from 0900 h to 2100h. 
All animals had a minimum habituation period of 7 
days prior to the start of the experiment. Food and 
water were given ad libitum. 

Under nembutal anaesthesia (50 mg/kg), intraperi- 
toneally 22-gauge stainless steel guide cannulae were 
chronically implanted in the midline to delivei 
injections into SCN bilaterally. The stereotaxic co- 
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ordinates were AP on bregma, L = 0 and V = 8.6± 1 (ref. 
7). To deliver injection into the area near SCN, 
cannulae were implanted with the same co-ordinates 
except that AP was 0.5 mm posterior to bregma. 

One group (group I) of 9 rats received injections of 
iso-osmolal ethanol (1.6%) at the beginning of light 
phase (9 am local time, 0 h circadian time) of the LD 
cycle, while another group (group II, n — 5) received the 
injections at the beginning of dark phase (9 pm local 
time, 12 h circadian time). A third (group III, n = 6) and 
fourth (group IV, n = 5) groups received injections of I 
and 2% ethanol respectively at the beginning of light 
phase. Two other groups served as controls: one (group 
V, « = 8) received 0.9% saline (I jul) and the other 
(group VI, n=5) ethanol (1.6%) into the area near 
SCN, also at the beginning of light phase. 

Food consumption measurement started 48 h after 
surgery and was continued till the end of the 
experiment. A measured quantity of food was presented 
to the animals at the beginning of each light (9 am local 
time, 0 h circadian time) and dark (9 pm local time, 12 h 
circadian time) phase. Food remaining at the end of 
each phase was weighed and consumption was 
calculated. On day 7 post-operation 1 jjI of ethanol was 
injected into SCN at the beginning of light or dark 
phase, depending on the group, at the rate of 0.1 /d/min; 
rate of injection of saline was the same. To avoid 
ambiguity of results due to chemical and morphological 
changes at the site of injection each animal had only 
one injection^. The site of injection was stained using 
ferric chloride. Details of the procedure adopted for 
injection and histological sectioning are mentioned 
elsewhere*^ ^ ^ 

Statistical analysis was performed using Student’s 
paired t test. 

Table 1 shows changes in food consumption pattern 
as a result of ethanol injection into SCN. After ethanol 


injection into SCN at the beginning of light phase 
(group I) the ratio of food consumed in light phase to 
that in dark phase increased (columns 2, 3 and 4, 5 in 
Table 1). Injection at the beginning of dark phase (group 
11) also had a similar effect. The change in the LD ratio 
was statistically significant (P< 0.001) only for the light 
and dark phase immediately following* ethanol injection 
(see columns 6 and 7). Saline injection into SCN (group 
V) and injection of ethanol into the area near SCN, 
(group VI) had no effect on the pattern of food intake. 
Injection of 1% and 2% ethanol (groups III and IV) 
also disrupted the pattern of food intake to almost the 
same extent as that observed with 1.6% ethanol. Total 
daily food intake remained fairly constant throughout 
the experiment in spite of the change in the LD ratio. 

Lesions of SCN, the neural generator of circadian 
rhythms, are known to produce changes in many 
circadian rhythms including feeding rhythms 
Partial lesions of rostral and dorsomedial regions of 
SCN have been reported to alter the circadian rhythm 
of food intake These regions of SCN contain 
exclusively vasopressinergic neurons, which happen to 
be the largest among the peptide-containing neurons of 
SCN'‘\ 

Ethanol is a known central suppressant of arginine 
vasopressin (AVP)^^’ and inhibits VP function'^. It has 
been reported by Eisenhofer et that acute ethanol 
ingestion impairs memory, probably through ethanol- 
induced inhibition of VP release. There are also other 
reports which have given rise to the concept that 
VP secretion is suppressed by ethanol. 

The results of this study indicate inhibition of VP 
function by ethanol as evidenced by disruption of food 
intake. This disruption is quite likely since VP is 
essential at SCN for the integration and expression of 
normal circadian rhythms^^l Moreover it was recently 
reported‘s that the V^ receptor antagonist d(CH 2 ) 5 - 


Table 1, Effect of ethanol injection into SCN on light/dark pattern of food intake in Wistar rats. 




Food consumed in grams (% consumption in parentheses) 


Before injection 

24 h after injection 

Post-injection 

Group 

L 

D 

L 

D 

L 

D 

I 

8.1 ± 1.1 

14.0 ±1.5 

9.5 ±1.0 

10.4 ±0.98 

6.4 ±0.98 

12±1.57 


(36 ±0.96) 

(64 ±0.96) 

(47.4 ±0.54) 

(52.6 ±0.54) 

(34,5 ±0.9) 

(65.5 ±0.9) 

II 

3.4 ±0.4 

8.5 ±0,9 

5.2 ±0.5 

6.3 ±0.46 

3.6 ±0.27 

9 ±0.53 


(28.2 ±1.92) 

(71.7 ±1,92) 

(45.0 ±0.77) 

(54.98 ±0.77) 

(28.7 ±1,3) 

(71.3 ±1.3) 

III 

2.9 ±0.2 

8.1 ±0.5 

4.4 ±0.2 

5.5 ±0.22 

3.16 ±0.06 

7.9 ±0.3 


(27.3 ±2.6) 

(72.7 ±2.6) 

(44.5 ±0.91) 

(55.4 ±0.96) 

(28.6 ± 1 . 01 ) 

(7L4±1.01) 

IV 

3.8 ±0.3 

8.3 ±0.6 

5.8 ±0.4 

6.6 ±0.4 

3.7 ±0.24 

8.7 ±0.3 


(31.5 ±1.4) 

(68.5 ±1.4) 

(46.7 ±0.98) 

(53.3 ±0.98) 

(29.5 ±0.99) 

(70.4 ±0.98) 

V 

5.9 ±0.63 

13.3 ±1,42 

5.6 ±0.5 

13.4±1.6 

5.7 ±0.6 

13.3 ±1.3 


(30.7 ±0.68) 

(69.3 ±0.7) 

(30.2 ±1.5) 

(69.8 ±1.5) 

(29.8 ±1.2) 

(70.2 ±1.2) 

VI 

3.9 ±0.2 

8.1 ±0.3 

4.0 ±0.2 

9.0 ±0.4 

3.5 ±0.1 

8.9 ±0.1 


(32.0 ±0.75) 

(68.0 ±0.7) 

(30.8 ±1.4) 

(69.2 ±1.4) 

(28.0 ± 0 , 8 ) 

(72.0 ±0.8) 


Values are meaniSE. 
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Tyr(Me)AVP disrupts the circadian rhythm of food 
intake when injected into SCN. The disruption seen in 
this study was transient and was neither photoperiodic 

nor dose-dependent. 

VP has been implicated in many of the central 
integrative processess^^ in addition to its classical role 
in water and electrolyte metabolism. Recently it has 
been suggested that VP may have a role in stress- 
induced feeding as welF^. The understanding of its role 
in the control of circadian rhythms has come far from 
studies^®’^^’^'^ in brattlebore rats only, which are 
deficient in VP synthesis. However, the presence of a 
separate neuroanatomical system responsible for the 
circadian cerebrospinal fluid VP rhythm, as suggested 
by Schwartz and Reppert^^ and its effective insulation 
from osmotic regulation of blood VP^^ makes this 
peptide important in circadian time-keeping. 

In view of the report that ethanol can alter the 
electrical activity of some brain areas^'^’^^ it is likely 
that ethanol injection may also alter the activity of 
SCN neurons and thereby disrupt the circadian rhythm. 
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Embryotoxicity of RU 486 in English 
albino rabbit, Oryctolagus cuniculus 

N. Sethi, R. K. Singh and R. K. Srivastava 

Division of Toxicology, Central Drug Research Institute, 

Lucknow 226 001, India 

The synthetic steroid RU 486, when administer 
orally at daily doses of 6.4 mg, 32.0 mg, and 160.0 in 
rabbit (low, high and toxic dose respectively) during t 
period of organogenesis to CDRI colony-bred adi 
female rabbits, caused 100% resorptions in all treat 
groups. Control animals had no resorptions. 

RU 486, a synthetic progesterone-receptor blocker, cj 
be effectively used for termination of pregnancy ^ It 
advisable that a distinction be made between ; 
extended pharmacological effect and its teratoger, 
effect on the embryo^This communication repoi 
the results of an embryotoxic evaluation of RU 486. 

Colony-bred adult nulliparous female rabbits we 
mated to bucks of proven fertility. Copulation w 
observed, confirmed by the presence of sperms 
vaginal smears and the day when presence of sperm wi 
noticed first was designated day zero of pregnancy. T1 
mated rabbits were divided into 4 groups of 5 anima 
each and the compound was administered orally fro; 
day 6 to day 15 post-coitus as follows: group I, contre 
1% gum acacia; group II, low-dose group, contr; 
ceptive dose (CD), 6.4 mg/rabbit/day; group III, higl 
dose group, CD x 5, 32.0 mg/rabbit/day; group IV, toxi 
dose group, CD x 25, 160.0 mg/rabbit/day. 

Body weight of all animals was recorded on days 1, 
14, 21, 28 and 30 post-mating. On day 30 post-coitu 
caesarian sections were performed on all animals ar, 
the number of corpora lutea; number of implantation 
implantation sites; number of resorptions; number < 
live/dead foetuses; size, weight and gross abnormality ' 
each foetus; and viability, growth and deformities i 
newborns were recorded. 

Half of the foetuses were fixed in Bouin’s solutic 
and were examined for visible abnormalities by tl 
sectioning method^. The remaining foetuses we: 
cleared in 1% KOH solution and stained by Dawson 
Alizarin Red technique for visualization of osseoi 
defects^. 

None of the mothers showed any noticeable deviatic 
in food intake throughout the experimental perioi 
There was no mortality in any of the groups. There 
steady gain in body weight of all animals of all group 
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Table 1. Effect of RU 486 on pregnancy in rabbits. 



Group I 

Group II 

Group III 

Group IV 

Dose 

None 

(1% gum acacia) 

6.4 mg/rabbit/day 

32.0 mg/rabbit/day 

160.0 mg/rabbit/day 

Animals (n) 

5 

5 

5 

5 

Total no. of implantations/implantation sites 
Average no. of implantations/implantation sites 

26 

25 

24 

19 

per rabbit 

5 

5 

5 

5 

Total no. of live births 

23 

Nil 

Nil 

Nil 

Average no. of live births 

5 

Nil 

Nil 

Nil 

Total no. of still births 

Nil 

Nil 

Nil 

Nil 

Average no. of still births 

Nil 

Nil 

Nil 

Nil 

Total no. of resorptions 

3 

25 

24 

19 

Average no. of resorptions 

1 

5 

5 

4 

Average foetal weight (g) 

36.83 

Nil 

Nil 

Nil 

Average crown-rump length (cm) 

5.05 

Nil 

Nil 

Nil 


though treated animals gained less weight compared to 
control animals. Maternal gain in weight in treated 
animals was dose-related. Whole foetus examination. 
Alizarin Red preparation for skeletal defect examination, 
and slicing method of Wilson for visceral defect 
examination revealed that (i) foetuses were not formed 
in any of the drug-treated groups, and only implantation 
sites were seen; and (ii) none of the foetuses of control 
group showed any gross or visceral defects. The results 
are summarized in Table 1. 

RU 486 is a recently synthesized steroid with 
potent antiprogesterone properties, and presumably acts 
as a progesterone antagonist by blocking progesterone 
receptors. It is a proven effective medication for non- 
surgical termination of pregnancy. Local action of the 
compound on the endometrium quickly induces 
menstruation, though the exact dose regimen has not 
yet been established. In a clinical trial with women, the 
dose regimen employed (ranging from lOOmg/dayx? 
days to 200 mg/day x 4 days or 400 mg/day x 4 days) 
terminated early pregnancy. It was found that lower 
dose for longer duration has a higher success rate than 
higher dose for shorter periodL 

The reason for lower effectiveness of a high-dose 
regimen is not known. If there is undue toxicity in early 
pregnancy, the embryo dies, is resorbed, and only the 
presence of the site of implantation is indicated®. For 
obvious reasons, this is termed resorption. In our study 
we observed implantation sites in the uteri of drug- 
treated rabbits. However, administration of RU 486 in 
low, high and toxic doses (6.4 mg, 32.0 mg and 
160.0 mg/rabbit respectively) during the period of 
organogenesis produced 100% resorptions in all the 
animals. We therefore conclude that RU 486 is an 
effective embryotoxic agent at all the doses used in the 
present study. 
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Effect of 2-deoxy-D-glucose on HeLa 
cells 

A. Sharma, N. Swaroop, 1. P. Saxena and R. Sharma 

Department of Chemistry, D.A.V. (PG) College, Dehra Dun, India 

The effect of 2-deoxy-D-glucose (2-DG), an inhibitor of 
glycolysis and glucose transport, on growth and survival 
of unirradiated and UV-irradiated HeLa cells was 
investigated. Addition of 5 mM 2-DG to cultures resulted 
in reduction of the number of viable cells to 18.5% of 
that of control. 2-DG (2.5 mM) also increased cell 
mortality in UV-irradiated cultures. 

2-Deoxy-d-glucose (2-DG) is a known glucose anti¬ 
metabolite and an inhibitor of glycolysis2-DG can 
act in a number of ways, the chief route of action being 
in its capacity to inhibit competitively both phospho¬ 
rylation (hexokinase) and transport of glucose^ 
Catabolism of cellular nucleotides (chiefly adenosine) to 
nucleosides and bases^ is another route of action of 
destabilizing the cellular energy system® 

Further, 2-DG has been shown to inhibit repair of 
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radiation-induced cellular and DNA damage in respira¬ 
tory-deficient yeast cells^^’^^, as well as mammalian 
cancer cells^®’^^’^^ On the other hand, 2-DG has also 
been shown to have no efifect on or to enhance repair of 
potentially lethal or sublethal cellular or DNA 
radiation damage in normal cells^^’^^"^® and wild-type 
yeast cells 

These observations suggest that 2-DG could dif¬ 
ferentially inhibit repair of radiation damage in hypoxic 
cancer cells, but, under certain conditions, enhance 
repair in normal cells, and therefore, possibly, be used 
for optimizing radiotherapy of cancer. 

The strain of HeLa cells used in the present study 
originated in the National Institute of Virology, Pune. 
Cells were grown in minimum essential medium (MEM; 
from Bios, Bombay) supplemented with 10% calf 
serum, containing antibiotics (lOOIU/ml penicillin, 
100 jug/ml streptomycin and 25 ^g/ml kanamycin), and 
buffered with 20 mM Hepes buffer (Serva, Heidelberg, 
FRG) to maintain pH at 7.4. Stock cultures were grown 
at 37°C in 150 ml glass culture bottles containing 20 ml 
of medium. Culture medium was changed every 48 h. 
Cell density was determined at various times in cell 
suspensions obtained after trypsinization (0.1% trypsin, 
1 min at 37°C) by counting the cells in a haemocyto- 
meter. Viability of cells was determined by the dye 
exclusion test. For experiments on post-irradiation 
survival and proliferation kinetics, cells were grown on 
cover slips in Leighton tubes containing 2 ml of growth 
medium. Medium was discarded from a fortyeight-hour- 
old HeLa cell culture. The cells were washed with 
phosphate-buffered saline (PBS), trypsinized, and then 
incubated at 37°C for 1 min. Cells were again washed 


with PBS and resuspended in the same and counted. 
Three-millilitre aliquots of cell suspension were placed 
in marked petri dishes and irradiated with UV light 
(254 nm) for different times. Controls were also set up 
for each experiment. Immediately after UV irradiation, 
the cell suspensions were pipetted out and centrifuged 
to pellet the cells. The supernatant PBS was decanted 
and 4 ml of growth medium containing 2.5 mM 2-DG 
(Serva) was added to each tube. The cell suspensions 
were then transferred to appropriately marked Leighton 
tubes. After incubation at 3TC for 48 h the cells were 
again trypsinized, and washed and resuspended in 
1.0 ml PBS. Viable cells were counted in a haemocyto- 
meter by the dye exclusion test, Glucose^^ and lactate^ ^ 
were also estimated. 

The number of viable cells in 48-hour-old cultures in 
medium containing 2-DG was only 36.5% of that in 
control cultures. In medium containing 5 mM 2-DG, it 
was 18.5%, and only 13% in medium containing 
10 mM 2-DG. Multiplication of cells could be restored 
even after 48 h simply by removing the inhibitor, 
washing the cells, and adding complete growth medium. 
However, the effect was irreversible after 72 h of 
incubation. 

Figure 1 shows the effect of 2-DG on glucose utiliza¬ 
tion and aerobic glycolysis (lactate production) in HeLa 
cells. These results are similar to data obtained earlier 
in animal tumours^^. 

Table 1 shows the effect of 2-DG on survival of UV- 
irradiated HeLa cells in the presence of 2.5 mM 2-DG. 
2-DG was present only for 2h immediately after UV 
irradiation. It can be seen that the decrease in viable 
cell number due to UV irradiation is enhanced in the 



2-DG (mM) 



2-DG (mM) 


Figure 1. Effect of different concentrations of 2-dcoxy-D-glucose on energy metabolism in HeLa cells. 
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Table 1. Effect of 2-deoxy-D-glucose on survival of UV- 
irradiated HeLa cells. 


Irradiation time 
(sec) 

2-DG cone. 
(mM) 

Surviving fraction 
(%, mean ± SD) 

— 

— 

96 ±10 

— 

2.5 

38 ±12 

30 

— 

90±8 

30 

2.5 

32 ±10 

60 

— 

88 ±12 

60 

2.5 

17±9 

90 

— 

76 ±13 

90 

2,5 

8±6 

120 

— 

40 ±14 

120 

2.5 

7±5' 


Cell suspension in PBS (2-3 x 10^ cells ml'^) was slowly 
stirred using a magnetic stirrer and a homogeneous 
suspension was exposed to UV light emitted by a low- 
pressure mercury vapour lamp (7G Philips-TUV 15W) 
delivering the bulk of its radiation at 254 nm. Fluence rate 
measured by chemical actinometry^^ was 1.6 wm“^. 


presence of 2-DG (2.5 mM). Earlier investigations on 
peripheral blood leucocytes have shown that the repair 
of DNA and potentially lethal damage in yeast need a 
continuous flow of energy in the form of ATP^®’^^. 
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Effect of hypercholesterolaemia on 
mobility of erythrocyte membrane 
proteins 

P. Kanakaraj, S. Meerarani and Megha Singh 

Biomedical Engineering Division, Indian Institute of Technology, 
Madras 600 036, India 

Erythrocytes from rabbits fed a hypercholesterolaemic 
diet and human erythrocytes incubated in cholesterol- 
enriched plasma had increased cholesterol and a higher 
chole$terol-to-phospholipids ratio in the membrane. EPR 
studies revealed a decrease in ratio of signal due to 
weakly immobilized species to signal due to strongly 
immobilized species in the membrane, suggesting de¬ 
creased membrane protein mobility in hypercholestero¬ 
laemic erythrocyte membranes. 

The normal protein composition of erythrocyte plasma 
membrane and the arrangement of the protein molecules 
in the membrane are crucial for membrane function. In 
hypercholesterolaemia the cholesterol content of plasma 
is increased, and in turn, the cholesterol to phospho¬ 
lipids (C/P) ratio is also high\ This has a direct 
influence on cholesterol transfer from plasma to 
erythrocytes, resulting in the accumulation of cholesterol 
in the erythrocyte membrane^’^. As binding of choles¬ 
terol to membrane constituents is weak, it can be 
drawn out of the membrane by decreasing the C/P 
ratio of the plasma, either by decreasing the cholesterol 
or increasing the phospholipid content of the plasma"^. 

During the cholesterol accumulation process the 
structure of the membrane is slowly changed. At low 
concentrations spicules are formed on the membrane. 
With increase in cholesterol the erythrocytes acquire an 
echinocytic appearance^’^ leading to a decrease in the 
haematocrit^. 

It has been observed® that increase in membrane 
cholesterol affects the availability of protein sulphhydryl 
groups at the surface. Cholesterol depletion results in 
decreased phosphorylation of the erythrocyte membrane 
protein spectrin"^. In the membrane the specific and 
dynamic interactions between spectrin and other 
peripheral and integral proteins regulate their mobilities 
and associations^. 

Electron paramagnetic resonance (EPR) spectroscopy 
of membranes with incorporated nitroxide derivatives 
as spin labels^^ has been very useful in studies of 
membrane structure. The spin label 4-maleimido-(2,2,6,6- 
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tetramethylpiperidine-A-oxyl) (4-Mal-TEMPO) has been 
extensively used to modify erythrocyte membrane 
proteins. Changes in the EPR spectra of modified 
membranes are indicators of alterations in the motion 
and structural organization of membrane components, 
and have been used to examine a variety of membrane- 
associated processes^^ Changes in membrane proteins^^ 
and lipids are well established in hypercholestero- 
laemia. In this communication we report changes in 
cholesterol and phospholipid content and fluidity of 
membranes of (i) erythrocytes from rabbits fed a hyper- 
cholesterolaemic diet and (ii) human erythrocytes 
incubated in vitro in cholesterol-enriched plasma. 

The hypercholesterolaemic diet of rabbits consisted 
of normal diet plus 0,5% cholesterol Cholesterol- 
enriched human erythrocytes were obtained by incu¬ 
bating normal erythrocytes in cholesterol-enriched 
plasma (CEP) prepared as described earlier^Erythro¬ 
cyte lipids were extracted with a chloroform: methanol 
(2:1) mixture by the method of Folch et alP 
Cholesterol^ and phospholipids^'^ of plasma and 
erythrocytes were determined as described earlier. 

Membranes were spin-labelled^® with 4-Mal-TEMPO 
(Sigma) in phosphate buffer (pH 8.0) at 4°C for 16 h 
in the absence of light, using the spin label in a 1.50 
weight ratio to total membrane protein (estimated by 
the method of Lowry et The spin-labelled ghosts 
were extensively washed to remove excess unreacted 4- 
Mal-TEMPO until no nitroxide EPR signal could be 
detected in the supernatant. Spin-labelled erythrocyte 
membranes were taken in flat quartz cells for analysis. 
EPR spectra were obtained at room temperature using 
a Varian E4 spectrometer operating at 9 GHz and with 
COORH 2 modulation. 

Cholesterol and phospholipid levels in plasma (Table 1) 
and erythrocyte membranes (Table 2) of normal and hyper¬ 
cholesterolaemic (hycholest) rabbits show increasing 
C/P ratio with increasing duration of feeding hyper¬ 
cholesterolaemic diet. Cholesterol and C/P ratio in 
human erythrocytes incubated in CEP were increased 
but there was no change in phospholipid level (Table 3). 

Figure 1 shows the EPR spectra of free 4-Mal- 

Table 1. Cholesterol, phospholipids and C/P ratio in plasma of 
normal and hypercholesterolaemic (hycholest) rabbits 



Cholesterol 
(mg %) 

Phospholipids 
(mg %) 

C/P ratio 

Normal 

71.12±11.7 

79.75 ±7,75 

0.89 

Hycholest 

7 days 

91.6±14.7t 

88.3 ±n,3* 

1.04 

14 days 

239.5 ±16.2 

144.9 ±26.6 

1.65 

21 days 

569.6 ±43.0 

262.6 ±20.6 

2.16 

28 days 

733.9 ±49.9 

314.3 ±24.6 

2.30 

60 days 

852.5±41.6 

368.8 ±30.8 

2.30 

1 year 

931.7 ±50.5 

398.5 ±30.1 

2.34 


All values are mean dh SD. 

*P<0.1; tP<0.05; after 14 days, F< 0.001 for all values. 


Table 2. Cholesterol, phospholipids and C/P ratio in erythrocj 
of normal and hycholest rabbits 



Cholesterol 
(mg %) 

Phospholipids 
(mg %) 

C/P rat 

Normal 

48.6 ±1.6 

56.5 ±6.8 

0.86 

Hycholest 

7 days 

64.4±8.0t 

68.5 ±10.1’*' 

0.94 

14 days 

92.2 ±12.3 

79.()±12.1 

1.16 

21 days 

142.0 ±13.3 

98.5 ±11.0 

1.44 

28 days 

169.4 ±13.9 

101.6±9.5 

1.66 

60 days 

191.9 ±26.1 

117.0 ±7.5 

1.64 

1 year 

203.4 ±42.9 

121.7 ±27.4 

1.67 

All values are mean ± SD. 
*P<0.05; tP< 0.001; after 14 days, 

F<0.001 for all valiie.s. 


Table 3. Cholesterol, phospholipids and C/P ratio in normal 
plasma, cholesterol-enriched plasma (CEP) and erythrocytes befc 
and after incubation in CEP 



Cholesterol 
(mg %) 

Phospholipids 
(mg %) 

C/P rati^ 

Plasma 

Normal 

155.5 ±30.6 

195.8 ±30.7 

0.79 

CEP 

265.1 ±37.5* 

190.5 ±42.1 

1.39 

Erythrocytes 

Before 

incubation 

99.28 ±17.54 

121.92 ±25.99 

0.81 

After 

incubation 

128.03 ±20.23t 

117.88 ± 10.27 

1.08 


All values are mean ± SD. 


*P<0.O0I; tP<0.05. 



Figure 1. EPR spectra of (a) free 4-Mal-TEMPO (0.05 mM) i 
sodium phosphate buffer (pH 8.0), (b) spin-labelled normal rabb 
erythrocyte membranes, (c) spin-Ia^llcd hycholest rabbit erythrocyi 
membranes. 
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Figure 2. EPR spectra due to 4-Mal-TEMPO of (a) spin-labelled 
normal human erythrocyte membranes, (b) spin-labelled in vitro 
cholesterol-enriched human erythrocyte membranes. 

TEMPO and spin-labelled normal and hycholest rabbit 
erythrocytes. The spectrum of the free spin label in 
aqueous solution contains a three-line pattern with a 
hyperfine coupling of about 15 G. When the spin label 
is attached to the protein part of the membrane it gives 
rise to a broad complex spectrum comprising two 
major components; one corresponds to weakly immobi¬ 
lized species (W) and another to strongly immobilized 
species (S). The W/S ratio is decreased significantly in 
hycholest membranes compared to that of controls. A 
similar result was obtained in the case of human 
erythrocytes incubated in CEP (Figure 2). 

Erythrocyte membrane function is directly related to 
membrane composition, which can be altered by 
dietary regulation^®. In the present study membrane 
composition was altered by feeding a hypercholestero- 
laemic diet to rabbits and by incubating normal human 
erythrocytes in cholesterol-enriched human plasma. 
Cholesterol content directly affects deformability, a 
parameter related to lipid and protein composition of 
the membrane^ Studies have shown that alterations 
in the protein cytoskeleton or membrane lipid 
composition of erythrocytes can affect membrane 
fluidity or microviscosity and, ultimately, the flow 
properties of erythrocytes^^^^^. 

According to the fluid mosaic model of membranes, 


membrane lipids allow free motion of proteins within 
the bilayer. This is altered in pathological conditions. 
EPR studies have suggested restricted motion of 
membrane proteins in erythrocytes from patients with 
hereditary spherocytosis^In the present study, the 
W/S ratio, which affects mobility of proteins, was 
decreased in hypercholesterolaemia. This indicates that 
proteins are less mobile in cholesterol-enriched 
membranes. Under these conditions, the organization of 
proteins in the membrane may be altered, which results 
in abnormal morphology of erythrocytes. 
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Neurosdences in India 


Neurosciences in India: Retrospect and 
Prospect. Sunil K. Pandya, ed. Neuro¬ 
logical Society of India and Council of 
Scientific and Industrial Research, New 
Delhi, 1989. 743 pp. _ 


Practically all disciplines of neuro¬ 
sciences, basic or clinical, were initiated 
in the country only after independence. 
During the last 40 years, from humble 
beginnings there has been progressive 
development of these disciplines. This 
book gives a historical perspective of 
these developments. In addition it docu¬ 
ments in one place the contributions 
made by Indian neuroscientists in vari¬ 
ous fields during these years. Each 
chapter is written by an authority on 
the subject; some of the authors were 
pioneers in their particular disciplines in 
the country. 

The book covers all subspecialities of 
neurosciences, including developmental 
neurobiology, neuroanatomy, neuro¬ 
physiology, basic and clinical neuro- 
chemistry, neuropathology, neuropharma¬ 
cology, neuromicrobiology, neurology, 
neurosurgery, neuroradiology, neuro- 
anaesthesiology, neuro-ophthalmology 
and neuroendocrinology. Besides ac¬ 
counts of these well-established disci¬ 
plines, brief write-ups have also been 
provided on some newly emerging areas 
like neural transplant, and biochemis¬ 
try and molecular biology of the ageing 
brain. Information was specially sought 
from all members of the Neurological 
Society of India and others well known 
in their fields. In spite of these efforts, 
it is possible that some contributions 
may have been overlooked. Never¬ 
theless, the book provides an invaluable 
comprehensive source of Indian refe¬ 
rences. Not surprisingly, there are some 
repetitions, the same work being quoted 
in different chapters, there being no 
watertight boundaries between different 
disciplines covered by different authors. 

Besides the scientific contributions, 
the book records the historical evolu¬ 
tion of the Neurological Society, giving 
a summary of significant events yearwise. 

This elegant volume should be com¬ 
pulsory reading for all postgraduates, 
research scientists and teachers of any 
discipline of neurosdences in India. In 
addition, it would be of great interest to 
neurosdentists anywhere in the world, 
as it provides the major Indian contri¬ 
butions and references. This is specially 


true for those interested in subjects like 
geographical medicine, epidemiology of 
neurological disorders, and infections 
and infestations of the central nervous 
system. 

P. N. Tandon 
Department of Neurosurgery 
All India Institute of Medical Sciences 
New Delhi 110 029 


Neuroscience frontiers in 
review 

Annual Review of Neuroscience 1989. 
Vol. 12. W. Maxwell Cowan, ed. Annual 
Reviews, Palo Alto, USA, 1989. 550 pp. 


The opening chapter of the volume is 
written by Viktor Hamburger. It has 
one of the most fascinating narrations 
of the journey of experimental neuro¬ 
embryology during the last seven de¬ 
cades. Hamburger has also been a 
collaborator of Stanley Cohen and Rita 
Levi-Montalcini, Nobel laureates in 
physiology or medicine in 1986. His 
research indicated that neuronal death 
during neurogenesis ‘in vertebrates is 
probabilistic and not programmed, as in 
some invertebrates’. He developed the 
‘basic conception of the control of the 
nerve centres by their tirgets via the 
nerve fibre route*. 

There are 21 review papers in the 
volume, covering advances in some of 
the most interesting areas of neuro¬ 
science. R. S. Zucker reviews the 
progress of ideas on short-term synaptic 
plasticity, with special reference to 
alterations in neurotransmitter release 
and the role of Na"^ and Ca^"^. D. A. 
Robinson discusses the theme of ‘inte¬ 
grating with neurons’. He has dealt not 
with the usual theme of integration but 
the theme of integration as is understood 
in calculus, e.g. ‘y is the time integral of 
x\ a mathematical operation that occurs 
in the central nervous system. He 
discusses the operation in the vestibulo- 
ocular reflex, and in some general 
aspects in motor control. C. L. Cepko 
discusses progress in achieving immortal 
neural cell lines by using retrovirus- 
mediated oncogene transduction. B. F. 
O’Dowd et al. review recent under¬ 
standing of the structure of adrenergic 
receptors revealed by gene cloning and 
cDNA sequencing for the various adre¬ 


nergic and cholinergic muscarinic recep¬ 
tors. Masao Ito reviews research on 
long-term depression (LTD) of several 
minutes in synaptic transmission in the 
cerebellar cortex. LTD has been found 
to occur in Purkinje cells when two 
excitatory signals simultaneously arrive 
from parallel fibres of granule cells and 
climbing fibres of inferior olive neurons. 
He shows that calcium ions and quis¬ 
qualate-specific glutamate receptors are 
involved in LTD that is a specific 
synaptic plasticity in the cerebellum. 
P. A. Walicke reviews recent knowledge 
about neurotrophic molecules that pro¬ 
mote neuronal survival or stimulate 
neurite outgrowth. J. H. Pate Skene 
reviews progress in the field of proteins 
(e.g. gap 43, gap 24, tubulins, actin) that 
are involved in axonal growth and 
synaptic plasticity. C. G. Atkinson 
reviews comparative kinematics and 
dynamics of arm movement control, 
involving transformations from the per¬ 
spective of motor learning in robot 
models and the human arm. P. A. 
Getting discusses progress in the eluci¬ 
dation of computational principles that 
govern the operations and modulations 
of real neural networks. The roles of the 
several synaptic transmitters in the 
retina have been reviewed by N. W. Daw 
et al Use of fluorescent probes and 
fluorescence microscopy in the study of 
cell signalling has been reviewed by 
R. Y. Tsien. Dyes sensitive to membrane 
potentials and to various ions are being 
utilized to reveal dynamic cell functions. 
J. L. McGaugh reviews progress in 
research on regulation of memory 
storage by hormones and other chemical 
modulators. The role of cyclic GMP- 
activated conductance in photoreceptor 
physiology has been reviewed by K. W. 
Yau and D. A. Baylor. S. D. Roper 
discusses research on vertebrate taste 
receptors and their synapses. The neural 
basis of attention, song and recognition 
and other accoustic communications as 
understood from experiments on insects 
has been reviewed by R. R. Hoy. R. A. 
Andersen has discussed the visual and 
eye movement functions of posterior 
parietal cortex involved in transforma¬ 
tions to coordinate perceptions and 
behaviour. The effects of spider toxins 
on excitatory amino acid neurotrans¬ 
mission and calcium channels have been 
reviewed by H. Jackson and T. N. 
Parks. Recent understanding of the 
properties and regulation of tyrosine 
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hydroxylase by phosphorylation has 
been reviewed by R. E. Zigmond et al. 
Recent research on altered brain pro¬ 
teins in Alzheimer’s disease has been 
reviewed by D. J. Selkoe. J. R. Sanes 
discusses the role of extracellular matrix 
molecules in migration and differentia¬ 
tion of neurons. R. H. Miller et al. 
discuss recent understanding of cell 
lineages and functions of astrocytes and 
oligodendrocytes of rat optic nerve. 

The 1989 Annual Review of Neuro¬ 
science is an outstanding collection of 
reviews in some of the most exciting 
frontiers of neuroscience. It will be of 
great use for reference and study to all 
neuroscientists. 

T. Desiraju 

Department of Neurophysiology 
National Institute of Mental Health 
and Neuro Sciences 
Bangalore 560 029 


Molecular physiology 

Annual Review of Physiology 1989. Vol. 
51. Joseph F. Hoffman, ed. Annual 
Reviews, Palo Alto, USA, 1989. 903 pp. 


This volume has as its theme the 
molecular and cellular basis of physio¬ 
logical mechanisms and functions. It 
opens with the role of Na^K^-ATPase 
in transport. Its coverage of renal 
physiology includes cellular events lead¬ 


ing to renal hypertrophy, autocrine and 
paracrine regulation of renal epithelial 
cell growth, and influence of epidermal 
growth factors and their characteriza¬ 
tion. The focus on gastrointestinal 
physiology relates to gastrointestinal 
transport regulation and covers recent 
developments in the understanding of 
the role of calcium in hepatocytes and 
pancreas, chloride transport, dietary 
regulation of sodium cotransport, and 
transport of bile acids by non-membrane- 
bound proteins in liver. 

In the area of cardiovascular research 
the use of new cellular and molecular 
techniques in understanding the mecha¬ 
nism of cardiac growth and develop¬ 
ment, hormonal control of heart and 
vascular functions, and the linkages 
between hormonal and mechanical 
stimuli appear to be the main thrust. 
Physically, often electrically, coupled 
contractile cells of smooth muscle show 
extraordinary functional diversity. The 
unravelling of intracellular mechanisms 
governing contraction and smooth 
muscle energetics links their importance 
to the functioning of all organ systems. 
The diversity of channels, carriers and 
pumps reflected in the variety of integral 
membrane proteins that carry out these 
functions forms the basis of the section 
on cell and molecular physiology. 

Optical measures are being increas¬ 
ingly used to monitor physiological 
events in the nervous system, ranging 
from fine neuronal processes to cortical 
imaging. In the section on comparative 
physiology, studies on the mechanism 


underlying transport of nutrients from 
the environment to organisms and, 
following ingestion, within organisms 
reflect the tone of the renaissance in the 
field of nutrient uptake and the attempts 
to find unifying principles. Endocrine 
regulation of gene expression—mole¬ 
cular mechanisms that translate the 
interaction of a hormone with its target 
cell—is the present trend-setter of 
research progress in the field. 

The sorting of molecules into specific 
organelles within the cell and the role of 
membranes in this process have attracted 
considerable attention, particularly in 
polarized tissues. The work that has 
examined polarity-determining signals 
has been directed towards understand¬ 
ing the sorting processes for cellular and 
membrane proteins, including endogen¬ 
ous and viral proteins. 

The section on respiratory physiology 
addresses itself to the precise cellular 
and molecular mechanisms by which 
partial pressure of oxygen (PO 2 ) is 
sensed. Peripheral chemoreceptor func¬ 
tion; control of mitochondrial respira¬ 
tion; erythropoietin-producing cells; het¬ 
erogeneity of renal tissue PO 2 ; and 
oxygen transport in muscle, with parti¬ 
cular reference to myoglobin in facilitat¬ 
ing this flux, are the topics discussed in 
this context. 

K. N. Sharma 

University College of Medical Sciences 

and Guru Teg Bahadur Hospital 
Shahdara 
Delhi 110 095 
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Fundamental scientific research 

P. Balaram 


The essential role of fundamental sci¬ 
entific research’ was the subject of a day¬ 
long discussion meeting organized jointly 
by the Indian Academy of Sciences and 
the Indian National Science Academy 
on 15 December 1989 at the Indian 
Institute of Science, Bangalore. Since 
the country’s science academies have 
rarely come together to sponsor such a 
meeting, it was hoped that the affair 
would lead to a critical evaluation of 
the role (and status) of fundamental 
scientific research in India. However, 
the organizers had omitted (a Freudian 
slip?) any reference to India in the title. 
The result was a meeting largely devoid 
of substance and relevance. To their 
credit, the eight invited speakers and the 
presidents of the two academies made 
technically excellent presentations. The 
proceedings, unfortunately, lacked even 
the flavour of an academic debate, since 
all the speakers were on the same 
side—-extolling the undeniable virtues 
of basic research. The connection (?) 
between the motivations underlying art 
{a la Picasso) and basic research was 
repeatedly stressed. The fact that today’s 
research attracts considerable public 
subsidy was conveniently forgotten. The 
relative smallness of the sums (fairly 
substantial in absolute terms) of money 
allocated to science in the national 
budget appeared to provide solace to 
some. Good management practices (or 
so we were told) apparently dictate that 
minor expenditures often escape detailed 
scrutiny. This was music to the ears of 
many. 

There was little ‘discussion’ in this 
meeting and the sparse audience was 
testimony to the sterility of the issues 
considered. Surprisingly, even the students 
of one of the country’s largest academic 
research institutions largely failed to 
enliven the proceedings by their partici¬ 
pation. They were not helped by a 
tightly structured programme which left 
little time for discussion. A few references 


to the Indian research climate made by 
a couple of late afternoon speakers and 
a final, eloquent speech by C. N. R. Rao, 
president of the Indian Academy of 
Sciences, attempted to inject some local 
realities into the meeting- As always, it 
was too little and too late. The presidents 
of both Academies, M. M. Sharma and 
C. N. R. Rao, forcefully pointed out that 
Indian scientists should not be apologetic 
about doing fundamental research, al¬ 
though local conditions cry out for 
applied, ‘useful’ research. What they 
failed to emphasize was that we should 
be apologetic and modest about mediocre 
basic research. Indeed, contemporary 
Indian science has a great deal to be 
modest about. Throughout the day, well- 
prepared speakers made elegant presen¬ 
tations of the eventual fruits of basic 
research in diverse fields. The names 
from Science’s hall of fame appeared 
fast and furious-Rutherford, Ziegler 
and his catalysts, Carothers and his 
nylon, Fleming and penicillin, Kalman, 
Polanyi and Cavendish, among others. 
Even Mark Twain made an appearance 
during the summing up of the morning 
session. References to Indian efforts 
were conspicuous by their absence, 
prompting a plaintive prelunch question. 
(Regrettably, this writer missed most of 
the presentation of M. S. Valiathan 
(Director of the Sree Chitra Tirunal 
Institute for Medical Sciences and Tech¬ 
nology, Trivandrum), which did indeed 
offer a balanced perspective of the 
medical sciences in our country.) The 
sole Indian contribution, almost until 
day’s end, was the humorous reference 
to the Pandavas’ sophisticated destruction 
of Dronacharya. Mythology apart, it 
was almost a relief to hear of Raman 
and Ramanujan in the final summing 
up, providing the audience with some 
reassurance that basic research did 
flourish, not so long ago, in India. Does 
it still do so? India’s Academies, which 
carefully sidestep difficult issues, would 


do well to ponder on the state of 
scientific and educational institutior 

International science is moving 
breathtaking pace as the end of 
century approaches. Irrespective of 
individual, the field or the institutio 
has become practically impossible 
keep up with advances on all fre 
Never before has science promisee 
much in the areas of biomedical rese 
and agriculture, fields of vital concer 
this country. This relentless advanc 
the frontieis of science is happening 
time when our scientific institutions 
plagued by diminishing morale, indiffe 
management and internal difficulties 
the background, the decay in stand; 
of higher education in the universitii 
an all-too-visible phenomenon. The 
sence of research opportunities/or \ 
trained scientists and the diminisl 
number of scientifically viable ii 
tutions, despite a proliferation of h 
ratories, are matters of major cone 
Individuals have invariably sidestep 
these problems by either seeking gre< 
pastures in the West or by retrea 
into comfortable cocoons. However, 
collective state of Indian science is 
from healthy, plagued as it is by 
various ills that afflict other walks 
life—enveloping mediocrity, mispla 
socialism and personality cults, 
total dependence on governmental s 
port of science, together with a slug) 
and unresponsive bureaucracy, b 
regional and in Delhi, cloud an inen 
ingly dismal scene. 

India’s academies of science would 
well to remember that it is not c 
democratic and political instituti 
that need to be periodically renev 
The goals of Indian science must 
clarified and our collective commitm 
to the growth of various discipli 
needs to be reemphasized. A li 
introspection never hurts, and may 
out of a public debate within 
scientific community will emerge 
seeds of a new and promising future 
Indian science. 


P. Balaram is in the Molecular Biop 
sics Unit, Indian Institute of Sciet 
Bangalore 560 012, 
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R. LI. Jones—C. V. Raman’s physics professor at 
Presidency College Madras 

R. K. Kochhar 


Chandrasekhara Venkata Raman joined 
Presidency College Madras in January 
1903 and spent four years there, obtain¬ 
ing his BA degree in 1904, and MA in 
January 1907. According to Sir C. V. 
Raman’s biographer ‘The professor 
of physics at that time was one 
R. Llewellyn Jones, a kindly gentleman 
but otherwise undistinguished’L This des¬ 
cription of Jones (1865-1932) is not 
quite correct, because he was a wrangler 
from Cambridge; a Fellow of the Royal 
Astronomical Society; a Fellow of the 
Madras University; Government Meteo¬ 
rologist, Madras; and Deputy Director 
of Madras Observatory^’^. 

Richard Llewellyn Jones was born at 
Pempompren, Uchaf-Talybout, Cardigan¬ 
shire, Wales, on 12 June 1865. He was 
educated at the British School, Talybout; 
and subsequently at Ardwyn House 
School, Aberystwyth, from where he 
gained a scholarship to Corpus Christi 
College, Cambridge. After graduating as • 
wrangler he was appointed assistant 
master at Dulwich College. He held this 
post for about a year at the end of 
which he was appointed professor of 
physics at the Government Presidency 
College Madras^, which he joined on 4 
October 1889^. 

From 1891-92 onwards he features in 
the records of Madras Observatory. The 
Observatory at Nungambakkam was an 
important scientific centre of Madras 
and naturally invited interaction from 
the colleges in Madras. Thus Charles 
Michie Smith, BSc, Professor of Physics 
at Madras Christian College, assisted 
the Astronomer Norman Robert Pogson 
(director 1861-91) in observations and 
succeeded him in 1891 when Pogson 
died"*”. 

In 1891-92, Jones offered to under¬ 
take the publication of hourly magneti- 
cal observations that had been made 
way back in 1841--45 and 1856-60 but 
had not been published"^. 

Jones ‘exercised a supervision over 
the work at the Observatory’ during the 
absence of the Government Astronomer. 
When Michie Smith went to England 17 
May-9 October 1895 for work in 
connection with the proposed Kodai- 


kanal Observatory, Jones acted as 
the Government Astronomer^’'. In 
December 1895, Jones was elected 
Fellow of the Royal Astronomical 
Society, his name having been proposed 
by C. Michie Smith himself. On 1 
January 1897 he was admitted into the 
Indian Educational Service^ (he passed 
an examination in Tamil). Jones was a 
member of the Madras Observatory 
eclipse team that observed the solar 
eclipse of January 1898 from Shahdol 
(now in Madhya Pradesh), where Sir 
W. H. M. Christie, the Astronomer 
Royal, and Professor H. H. Turner were 
also stationed. 

‘Mr Jones undertook special observa¬ 
tions regarding the polarization of the 
corona with apparatus specially designed 
for the purpose’Jones’ polariscope 
consisted of a stereoscopic camera, with 
lenses of 7 inches focus, in front of each 



The 8-inch telescope byTroughton and 
Simms (with lens by George Merz) at 
Kodaikanal Observatory. The photo¬ 
graph is undated but was presumably 
taken in 1960 when the telescope was 
installed in the south dome on a 
mounting vacated by a 6-inch refractor 
of 1898 solar eclipse vintage by T. 
Cooke & Sons. The telescope was in use 
at Madras, 1866-1931. 


of which was mounted a Nicol’s prism. 
These prisms were fitted into brass 
holders which gripped the nozzles of the 
lens mountings. One of the Nicol’s 
prisms could be turned round step by 
step through angles of 30° each. The 
camera was borrowed from somebody, 
the plates were provided by Madras 
Observatory, and the prisms came from 
the physical laboratory of the Presidency 
College Madras^. 

Jones planned to take four photo¬ 
graphs of 4-second exposure by keeping 
the prism inclined at 0°, 30°, 60° and 
90°. Unfortunately he could take only 
the first two photographs, because the 
second slide containing the plates for 
the third and the fourth photographs 
got jammed. This is to be regretted, as 
the negatives secured are insufficient to 
solve as fully as I could wish the 
questions connected with the polariza¬ 
tion. If however we assume that the 
polarization is radial—a matter which 
previous observations leave in little or 
no doubt—then these two sets are 
sufficient to determine what fraction of 
the total light from each part is 
polarized.’ Professor Jones took these 
negatives with him to England when he 
went there on furlough, ‘where I hope to 
have facilities for measuring them’^ 

His results however do not appear to 
have been published. 

On 1 April 1899 there was a reorgani¬ 
zation with the setting up of the Kodai¬ 
kanal Observatory. Madras Observatory 
now confined itself to meteorological 
observations. Astronomical work ceased 
there, except for transit observations for 
time-keeping. Charles Michie Smith 
moved over to Kodaikanal as director 
of both the observatories. R. LI. Jones 
was appointed part-time Meteorologist, 
Madras, and Deputy Director of Madras 
Observatory, where his job was to 
oversee the work done by the Indian 
assistants^. In November 1899 he made 
observations of the Leonid showers of 
meteors, which were included in Michie 
Smith’s report in the Monthly Notices of 
the Royal Astronomical Society^. 

Professor Jones was a Fellow of the 
Madras University and a member of the 
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board of studies in ‘mathematics and 
natural philosophy’ as well as m 
‘physical sciences’^. Jones left India in 
1919 to retire the next year. He died on 
3 March 1932, at the age of 66 years^ 
Apparently Professor Jones was intelli¬ 
gent enough to recognize the genius of 
his student Raman, and literally leave 
him to his own devices^ 

As can be expected, because of 
Professor Jones’ association with the 
Observatory, or even otherwise, young 
Raman would have visited the Obser¬ 
vatory. This is indeed so as Professor 

S. Ramaseshan confirmed®, recalling his 
conversations with Sir C. V. Raman. 

Raman was a regular visitor to the 
Connemara Public Library, and did 
visit the nearby Observatory, where he 
was thrilled by the view through the 
telescope (see note 9 and photo). Raman 
retained an interest in astronomy 
throughout his life. 


1 . G. Venkataraman, Journey into Light— 


Life and Science of C. V. Raman, Indian 
Academy of Sciences Bangalore, 1988. 

2. Mon. Not. R. Astron. Soc., 93 , 229, 1933. 

3. Almanack and Directory for the year 1908, 
Lawrence Asylum Press, Madras. 

4. Madras Observatory Annual Reports. 

5. Report on the Madras Observatory for 
the year 1897-98 and on the eclipse 
expedition of January 1898. 

6 . During his 16-month absence on leave 
May 1907-September 1908, Prof. E. B. 
Ross of Madras Christian College offi¬ 
ciated. For his part-time work Jones got 
a monthly allowance of Rs 200 and free 
house at the Observatory. As a professor 
he was getting Rs 1000 in the pay-scale 
of Rs 500-50-1000 and a personal 
allowance of Rs 200 (ref. 3). In com¬ 
parison Michie Smith’s salary at ICodai- 
kanal was Rs 800 plus a free house. 

7. Mon. Not. R. Astron. Soc. 60, 262, 1899. 
This is the first publication from 
Kodaikanal Observatory. 

8 . Note by Prof. S. Ramaseshan. I did not 
know of the existence of the Madras 
Observatory but a rather amusing inci¬ 
dent related to me by Raman’s aunt 
Gnanambal clearly indicates that Raman 
did visit this observatory. 


It is known that Raman bicycled to 
the Connemara Public Library twice a 
week. Raman’s aunt told me that on one 
such day he was very late coming home 
and was stinking because he had fallen 
into a drain. After a quick bath and a 
meal he took her to the open and 
showed her Jupiter shining in the 
firmament and told her that he had seen 
the moons of that planet that evening. 
She was of course very sceptical and 
asked me whether the planet Brhaspati 
had moons, 

9. This was an 8-inch aperture refractor by 
Troughton and Simms (lens by George 
Merz, Fraunhofer’s successor). Installed 
in 1866 it remained in Madras till 1931, 
when it was shifted to Kodaikanal, where 
it was erected in 1961 in the south dome, 
on a mounting vacated by another 
telescope (R. K. Kochhar, Indian 
Institute of Astrophysics Brochure, 
1986). 

10. I thank Prof. S. Ramaseshan for useful 
conversations. 


R. K. Kochhar is at the Indian Institute of 
Astrophysics, Bangalore 560 034. 
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Fractal proteins 

Proteins play multifarious roles in life 
processes. Some proteins are enzymes. 
Some are part of macromolecular as¬ 
semblies that synthesize all proteins. 
Other proteins serve to transport small 
molecules, electrons and energy to parts 
of the organism where they are needed. 
Many proteins have structural roles, 
such as forming the basic constituents of 
fibrous and muscle tissue. What makes 
proteins tick? 

X-ray crystallography is an essential 
tool in the study of protein structure. 
The incredible beauty and the remark¬ 
able detail of the structures obtained by 
the X-ray crystallographic technique 
strangely misled scientists for some time 
in that it was thought that the struc¬ 
tures were rigid and that the positions 
of the atoms of the protein molecule 
were fixed. Indeed, the specificity with 
which an enzyme binds a particular 
molecule and the efficacy with which an 
enzyme catalyses a biochemical reaction 
were thought of in this static model as 
due to complementary interaction 
between substrate and enzyme—the 
proverbial fitting of a key into a lock. 

This static view has been abandoned, 
for it is now known that the protein 
molecule is dynamic and is constantly 
changing the details of its conformation 
as the atoms in the molecule exhibit a 
sizeable high-frequency fluctuation about 
the average structure determined by X- 
ray crystallography. It is this dynamic 
picture that makes it now possible to 
understand many phenomena that 
could not be explained by using the 
static picture. It is now known that the 
activity of the protein would be im¬ 
possible if the molecule were rigid. 

How does one proceed to study this 
picture? Simply stated, the chemical 
bonds between the atoms in a protein 
are much like springs. There are weaker 
forces between non-bonded atoms. 
There are also those peculiar forces that 
prevent more than one atom occupying 
the same point in space at the same 
time. With these concepts, if the laws of 
motion are written we cannot but get to 
know how the dynamic protein behaves. 
Easier said than done, for even deter¬ 
mining the initial positions of atoms 
presents a problem: the average struc¬ 
ture determined by X-ray methods does 
not really represent the actual structure 
as it imposes unrealistic forces on some 
atoms. Hence in these molecular- 
dynamic calculations a procedure called 
dynamic equilibration is used, by which 
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the atoms of the protein and the sol¬ 
vent molecules (determined by X-ray 
methods) are permitted to relax these 
unrealistic forces. All these calculations 
and simulations require much ingenuity 
and the use of superfast computers. 

There are many other approaches 
that are being tried with some success. 
One that is attracting the attention of 
many scientists, including Debashish 
Chowdhury at JNU, New Delhi, is the 
fractal description of the dynamics of 
proteins, which he reviews in an article 
in this issue (page 89). This approach 
is elegant in concept and uses some 
beautiful mathematical ideas. 

Proteins are not ‘linear polymers’ but 
quasilinear polymers as each monomer 
does not just bind to two others, at 
either end, but there are also weak links 
between different parts of the polypep¬ 
tide chain. 

In a continuum description (in the 
absence of intermonomer interactions) 
the model is a random-walk problem in 
multidimensional space. Many physical 
constraints are necessary. Since a chain 
cannot cross itself certain volumes of 
the space are excluded. This is taken 
care of by imposing the constraint that 
the random-walker cannot visit a site 
more than once (a procedure known as 
self-avoiding walk ), 

In the fractal description, if, when the 
volume of a system is dilated, a small 
part of the system looks exactly (ident¬ 
ical) like the whole irrespective of the 
dilation factor, the system is called an 
exact fractal. The model linear polymers 
are statistical fractals as the original and 
the magnified systems look similar but 
are not identical. 

Debashish Chowdhury reviews many 
ideas that are being used in this fractal 
approach to the dynamics of proteins. 


Human resettlement problems 

India is passing through a phase of 
development involving large projects— 
major irrigation and hydroelectric 
projects, mining of vast areas, construc¬ 
tion of ports, creating large industrial 
townships. All these involve the involun¬ 
tary resettlement of large groups of 
people. In a perceptive article (page 82) 
Jayendra Nayak examines the social 
processes involved and the acute distress 
caused to an entire community in the 
Upper Krishna Project, with which he 
was associated for some time. This 
project in Northern Karnataka is to be 
completed in the mid-1990s after twenty- 


five years of work. About 30,000 to 
40,000 families will be displaced and 
resettled. Physiological, psychological 
and sociological problems replete in 
this process of resettlement are dis¬ 
cussed—how, in moving from a river 
bank to a resettlement centre at the 
edge of a reservoir, malaria becomes a 
dominant cause of ill health and how it 
is so difficult to curb this and other 
diseases; how the submergence of an 
entire village dislocates kinship support, 
and dismantles historical associations, 
religious symbols and myths; how the 
concept of joint ownership of land as 
ancestral property makes the resettle¬ 
ment problem complicated, and how it 
affects leadership patterns and inter¬ 
family relationships; how the host popu¬ 
lation is greatly affected when the new 
population moves in; how the migrant 
group of project administrators and the 
project management team, with their 
different culture, is perceived as inimical 
to the interest of those whose lands are 
submerged, causing social unrest. 

This was an invited paper presented 
at the symposium on the Narmada 
Valley Project held at the annual 
meeting of the Indian Academy of 
Sciences at Bhopal. Of special interest 
was Nayak’s description of the psycho¬ 
logical trauma that people undergo 
and the state of shock they are in when 
they exchange several centuries of his¬ 
torical continuity to an unfamiliar 
resettlement centre; of the belief of the 
relocatees that the elderly in particular 
are apt to die ‘of a broken heart’ 
following removal. 

Nayak told us of a moving example 
of the attachment that people have for 
their land and homesteads—pf an c’d 
woman who refused to leave her house 
even when the waters rose neck high 
and how she had to be forcibly removed 
by her relatives. She was even pronoun¬ 
ced mentally deranged! 

Nayak concludes that the problem of 
eventual rehabilitation is not planned 
adequately as the sociology of the 
disruption and the change are not 
sufficiently understood. He says that the 
anthropology of resettlement must be 
understood thoroughly by sociologists if 
any programme of involuntary resettle¬ 
ment is to succeed. 


Re-examining lead geochronology 

Radioactive lead (Pb-210) has a half-life 
of 22.3 years and is formed in the 
atmosphere from the radon-222 (Rn- 
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222) exuded from the earth’s crust. Pb- 
210 decay is used as a chronometer in 
several fields such as glaciology, ocea¬ 
nography, atmospheric sciences and 
limnology. Geochronologists have as¬ 
sumed that the rate of introduction of 
Rn-222 and hence of Pb-210 has 
remained constant over the past 100 
years. Nijampurkar and Clausen 
(page 100), by very careful measure¬ 
ments in deep ice cores in Greenland, 
have discovered that this assumption is 
by no means right. This may necessitate 
a reassessment of many geochrono- 
logical studies that used the Pb-210 
method. The amount of Rn-222 intro¬ 
duced into the atmosphere from the 
earth’s crust depends on many factors 
like the porosity, grain size, moisture 
content, etc. of soil. Natural geological 
phenomena like earthquakes and vol¬ 
canic eruptions could also introduce a 
sudden burst of Rn-222, and hence of 
Pb-210, into the atmosphere. The recent 
manmade nuclear explosions could also 
have added Pb-210. Nijampurkar and 
Clausen have successfully correlated the 
sudden increases in Pb-210 activity in 
their 100-year profile co the violent 
volcanic eruptions of Krakatoa (1883), 


Katmai (1912), Hekla (1946) and Agung 
(1965). They however find that the 
nuclear explosions have not contributed 
to the concentration of this lead isotope. 
To explain certain aspects of their 
measurements, for example the increase 
in rate of introduction of Pb-210 over a 
period, the authors speculate that it 
could possibly be due to the breaking of 
large tracts of virgin soil, especially in 
North America. However, some of their 
very interesting data remain to be 
explained. 

A necessary interaction 

Dipankar Home reports (page 73) 
on the Third International Symposium 
on Foundations of Quantum Mechanics 
organized by the famous electronic 
firm of Hitachi, Japan, and the Physical 
Society of Japan. Akira Tonomura 
works in the Central Research Labora¬ 
tory of Hitachi and performed the 
famous experiment which established the 
Aharonov-Bohm effect, the quantum- 
mechanical effect observable on a charged 
particle in a magnetic field force region. 
Tonomura also reported the first observa¬ 


tions of magnetic lines of force on a single 
magnetic flux quantum using electron 
int erference techniques. Why do com¬ 
panies like Hitachi support basic re¬ 
search and promote meetings on these 
abstruse topics? It is obviously the 
realization that basic research is the 
only way to new technology. 

One really needs quantum mechanics 
to design integrated circuits approach¬ 
ing microscopic dimensions. Without 
quantum-mechanical ways of thinking, 
superconducting transistors using 
overlapping Cooper-pair wave functions 
penetrating into a semiconducting subs¬ 
trate cannot be even conceived of. But 
technology too plays a tremendous role 
in advancing pure research. Electron 
holography and quantum optics have 
helped to discover new facets of quan¬ 
tum theory. We in India are still waiting 
for the day when such industry-science 
interactions can take place. 


INSA Fellows 

The Indian National Science Academy 
elected 30 new Fellows. See page 117 for 
brief resumes. 
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The earth sciences in Current Science 

Geology is big and global in scope. Indian scientists' excessive preoccupation with local geology has 
made us blind to the exciting possibilities of bold, competitive research in the earth sciences. The 
publication policy of Current Science should encourage such research and keep out papers on 
insignificant matters. 


C. V. Raman held the view that Nature, in spite of her 
immense diversity, was one and indivisible and that it 
was incorrect to fragment knowledge into a large 
number of small holdings with uncultivated boundaries 
between them. To him, the ultimate object of science 
was to unite and not divide knowledge. Spectacular and 
revolutionary breakthroughs are possible when votaries 
of different scientific disciplines come together. They 
tend to produce something greater than the parts. New 
subjects are created, extending the frontiers of knowledge. 
Such interaction between disciplines is urgently called 
for. Current Science, nurtured by Raman, should devote 
itself primarily to promoting interdisciplinary studies. 
Papers in it should be short, innovative, provocative 
and of interest to a broad readership. They should not 
cater only to the needs of specialists. 

Blackett, once commenting on the difference between 
physicists and geologists, said that ‘physicists know a 
lot about a little, while the geologists know a little 
about a lot’. Being the youngest of scientific disciplines, 
geology, of necessity, has to employ a wide range of 
approaches in the study of the earth. To the geologist, 
therefore, close cooperation with scientists of other 
disciplines is essential. The study of the earth, it has to 
be emphasized, is enormously rewarding because it gives 
us an appreciation of our entire physical environment, 
present and past, to an extent not obtainable through 
any other science. ‘Earth, third planet in our solar 
system from its central star, the Sun, is just of the right 
size and composition, at just the right distance from a 
central star of just the right proportion to be one of the 
universal (but probably not rare) planets in the 
seemingly illimitable universe capable of supporting the 
evolutionary development whose acme man fancies 
himself to be. And the story of how scientists think that 
came about, although it may be told in the un¬ 
emotional words of science, has an enchanting quality to 
match the most gripping flights of literary fancy.’ So 
wrote Preston Cloud, a great contemporary thinker and 


renowned earth scientist. Current Science should project 
this enchanting quality of the science of the earth. This 
will become possible only when scientists of other 
disciplines start thinking about earth and its problems 
and allow ideas to move around in their minds. 


Big thinking, bold research 

The great discoveries that have caused a revolution in 
geological thinking since the sixties—the uniformity of 
the oceanic crust, the high heat flow, the occurrence of 
raid-oceanic ridges and rift zones encircling the world, 
the linear magnetic anomalies on cither side of the 
ridges, sea-floor spreading—^are not being reflected in 
Indian scientific journals. Too much preoccupation 
with local geology has made us blind to a consideration 
of larger issues. Most of the short communications in 
Current Science are of insignificant events or occurrences. 
But geology is something big and global in scope. 

Imaginative thought is the life breath of geology. 
There is, therefore, an important place for what Hess, 
the author of plate tectonic theory, called ‘geo-poetry’, 
involving long excursions into space and time, and 
stimulating the imagination—‘a process at the core of 
the highest education’. 

India has the unique distinction of being that 
fragment of Gondwanaland which has moved the 
longest—8000 km from its original home 30" south of 
the equator to its present position. It admirably 
epitomizes geological history and provides an excellent 
field for piecing together the complicated history of this 
lithospheric fragment. ‘This is big thinking at its best, a 
bold attempt to put together observations spanning 
vast stretches of geological time.’ 

The Indian continent presents some of the best 
geological sections and exposures. The Himalayan 
mountain belt, the deep continental crust of south 
India, the Proterozoic sedimentary basins and the 




Deccan flood basalts—all these are excellent material. 
The geological aspects of these critical elements of the 
lithosphere should be highlighted. As C N. R. Rao said, 
‘We have to compete at least in some areas v^ith the 
rest of the world, at the same time identifying areas of 
special concern to us, where, through the application of 
science and technology, we can make a signal contribu¬ 
tion in solving pressing problems.’ 

In spite of all the technological advances we are 
witnessing, our knowledge about the primary requisites 
of life, like air and water and the thin outer skin of the 
earth, which provides material for the sustenance of life, 
remains inadequate. How and in what form does water 
find its way through soil particles and contribute to 
groundwater storage? What is the velocity of its 
movement? By what mechanism are plants able to lift 
large quantities of water tens of metres? What climatic 
and biologic factors are involved in the production of 
different types of soils from the same rock? What is the 
composition of the air held between soil particles and 
its temperature? Many such questions can be posed. 
Knowledge about these has great practical significance. 
These are topics of research that have immediate 
relevance, areas where physicists, chemists, geologists 
and biologists could come together and cooperate in 
order to understand the key processes involved in the 
hydrological cycle. 

Field geology 

In recent years there has unfortunately been diminishing 
interest in field work. Laboratory work and manipulation 
with a computer are becoming more glamorous than 
hard and painstaking work in the field. A feeling is 
gaining ground that spectacular advances are possible 
only in the laboratory, so much so most universities 
and even survey departments are now giving low 
priority to field studies. If this tendency is allowed to 
grow, field geologists may become an endangered and 
vanishing species. 

In the garb of making precise measurements and 
quantification, there is a shift of interest towards 
geochemistry, isotope geology, spectroscopy and the 
like, and downgrading of purely geological disciplines 
like stratigraphy and palaeontology. While the new 
disciplines are welcome as aids available for a better 
understanding of earthly processes, the neglect of 
traditional subjects is deplorable. The new-fangled 
developments have been compared by Ernst Cloos to a 
doughnut with a lot of exotic fields around the 
periphery and nothing in the middle. Only field work 
can provide a firm base and throw up problems for 
research. The words of caution of Pettijohn are worth 
recapitulating: ‘Have we, in our new methods of data 
collecting, forgotten our primary goal? Is it that we 
have expensive tools looking for a problem rather than 
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a problem requiring an answer by whatever means that 
are appropriate?’ 

Field geology is most rewarding. Work is carried on 
in solitude, ever in presence of what we call Nature, with 
her never-failing loveliness as our delight. To others too 
she is a joy, though most men think of her beauty and 
beauty only. To the geologist, however, she tells a story 
‘which is written over like a palimpsest, a story which 
we can but dimly read, which haunts and calls with the 
calling of the half-unknown’. Current Science should 
encourage field-oriented studies. Papers must be 
accompanied by geological maps and cross-sections. 
Maps can be and very often are ‘objects of beauty, 
kindling the imagination and stimulation of the un¬ 
initiated and experts alike’. Geological maps are badly 
needed to solve many current problems in earth science. 
It is a great pity that even after forty years of indepen¬ 
dence, geological maps of our country are not readily 
available. Institutions entrusted with the task of 
mapping the country must make available geological 
maps of different sections of the country. These maps 
should be published and be subjected to critical review. 
It is only when facts get recorded, published and 
discussed that there will be real interest in geological 
research and a motivation to achieve something 
significant. The present complacent attitude and 
absence of motivation arc dangerous. 

Topics and issues for discussion 

Environment. Degradation of the environment is one 
of the most serious problems facing man. The Bhopal 
gas leak disaster was one of India’s worst tragedies and 
yet our scientific journals made no comment. Droughts, 
floods and earthquakes continue to cause havoc. 
Deforestation is taking place on a scale that will spell 
disaster if allowed to continue unchecked. Population is 
growing and, with it, pollution of water and air has 
assumed alarming proportions. Affiuent societies would 
seem to have become ‘effluent societies’. In addition, 
there is the threat of destruction of the earth’s ozone 
layer, and, as a result of excessive burning of fossil fuels, 
the greenhouse effect with consequent rise in sea levels. 
Nuclear, chemical and urban waste disposal are serious 
threats to the environment. These are problems that 
require urgent and incisive analysis. 

Minerals. India is well endowed with a variety of 
mineral and metal resources. The potential reserves are 
considerable, but before they can be classed as mineable 
reserves a great deal of effort is necessary. There must 
be continuous evaluation of and readily available 
information about the real status of our mineral 
resources and the problems concerning their utilization. 

An unfortunate development in modern India is the 
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export of minerals in the raw state. Vast quantities of 
iron ore, manganese ore, chromite and bauxite are 
being exported without any processing whatsoever. The 
fact that resource utilization is an important factor in 
economic development has been lost sight of. India is 
exporting some of the best iron ore to Japan and is 
paid a small amount as price for the raw material. At the 
same time, India imports steel and ferroalloys from 
Japan at enormous cost, far in excess of the export 
earnings. Is it any wonder that the country is 
progressively getting poorer? Prosperity depends on 
resource utilization. 

India’s resource position is fairly satisfactory, but our 
failure to exploit these resources adequately and 
efficiently is a serious problem. Utilization of our 
mineral resources is best achieved through indigenous 
effort, indigenous design and problem-solving ability. 

Oil. A columnist recently posed the conundrum, 
‘What is it that is in the rocks, but is not rock?, that 
flows like water but is not water?, that moves up-dip 
while water moves down?, that forms in one kind of 
rock but is found in another?, that originates from life 
but results from death?, that is one of the most useful to 
man of all mineral products but is useful to him only as 
he destroys it?’ Obviously the reference is to petroleum. 
Although it is one of the most essential commodities of 


modern civilization, our knowledge about this resource 
is woefully lacking. The mode of occurrence of oil and 
the problems connected with oil exploration, the places 
where we should look for it, the present position of 
exploitation in the country, and where we stand in 
respect of this important resource are topics that 
demand informed discussion. 


Soil, water and weather. Soil erosion, conservation of 
water and weather forecasting for agriculture are of 
obvious importance to India. Adequate attention has 
not been given to the problem of soil erosion. Raman, 
Jn one of his radio talks, emphasized many years ago 
that the conditions under which soil erosion occurs and 
the measures by which it can be checked deserve the 
closest study. Water stored at great cost is allowed to 
be squandered. Conservation of water is of fundamental 
concern to civilization. Raman also drew attention to 
the enormous importance of meteorology to India. The 
recent claim of Indian meteorologists that they have a 
reliable means of forecasting annual rainfall over India 
must be discussed and critically evaluated. 

— B. P. Radhakrishna 
Geological Society of India 
Bangalore 560 019 
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Raja Ramanna second scientist in 
V. P. Singh’s ministry, but fate of 
Science Advisory Council unknown 


A month after Prime Minister V. P. 
Singh appointed M. G. K. Menon his 
minister of state for science and techno¬ 
logy, nuclear scientiwSt Raja Ramanna 
was made minister of state for defence. 
While both appointments came as 
surprises—this is the first time scientists 
have held these jobs— neither incum¬ 
bent is new to matters of government. 
Ramanna had earlier been scientific 
adviser to the defence minister. He has 
also served as director of the Bhabha 
Atomic Research Centre, Bombay, and 
as chairman of the Atomic Energy 
Commission. At the time of his appoint¬ 
ment as minister, he was director of the 
National Institute of Advanced Studies 
in Bangalore. 

In a world conditioned to look for 
signs of political compulsions, Singh, by 
plumping for a nuclear scientist for the 
defence ministry, may have raised some 
eyebrows. But his appointment of well- 
known scientists to two key ministries 
is widely viewed as a positive step. 
Perhaps, too, Ramanna's passion for 
classical music—he’s also a proficient 
player of the piano—and his interest in 
religion and philosophy ought to be 
taken note of. 

Meanwhile, the fate of the Science 
Advisory Council to the Prime Minister 
(SAC-PM) which was constituted when 
Rajiv Gandhi was prime minister, is not 
known. The chairman of the council, 
C. N. R. Rao, is reported to have 
written to V. P, Singh seeking a decision 


on the future of the council. In Novem¬ 
ber last, SAC-PM had prepared a list of 
priority recommendations. 

SAC-PM’s recominendations 

A major point made by SAC-PM is 
that planning for and investment in 
S&T must show increasing relationship 
with investment for socioeconomic deve¬ 
lopment. With the Government likely to 
be increasingly constrained in the matter 
of allocating resources, industry should 
fund a greater portion of R&D. 

The council recommended that special 
attention be paid to agriculture and 
water management, population control, 
preventive and promotive health care, 
higher education in science and engine¬ 
ering, development of knowledge-based 
industry, energy, transport, communi¬ 
cations and advanced materials techno¬ 
logy. It also suggested the setting up of 
a national science and technology com¬ 
mission to oversee coordination of S&T 
and integration of S&T with national 
economic planning- While basic research 
must continue to be promoted by the 
Science and Engineering Research 
Council, a more effective diffusion of the 
benefits of S&T to the people should be 
ensured. The council proposed a net¬ 
work of S&T organizations and speci¬ 
fically listed application of remote 
sensing, energy and ecology conserva¬ 
tion, and use of local natural resources. 


Meeting on neural network modelling 
signiRcant, but fails to agree on national 
plan 


A fast-growing area of contemporary 
research is the multidisciplinary field of 
modelling parts or the whole of the 
brain. The exercise is an attempt to 
understand the basic cognitive and 
pattern-recognizing abilities of human 
beings. Researchers from diverse disci¬ 


plines like neurophysiology, psychology, 
artificial intelligence and condensed 
matter physics are interested and are 
challenged by problems in this new field 
of neural network modelling (NNM). 
Solutions to problems in NNM have 
significant implications for a variety of 


areas, such as image processing, cogni¬ 
tive modelling and combinatorial opti¬ 
mization. 

Recognizing the importance of this 
emerging discipline. Department of Sci¬ 
ence and Technology (DST) organized a 
two-day meeting in the National Insti¬ 
tute of Mental Health and Neuro 
Sciences (NIMHANS) in Bangalore on 
27 and 28 December. The meeting was 
aimed 'at bringing forth ideas and 
recommendations as to how our country 
can get into the field of NNM as fast as 
possible to achieve substantial progress 
in acquiring a viable scientific expertise 
and capabilities in the field’. 

Of the twenty-three participants invi¬ 
ted, twenty actually participated in the 
meeting. Among the participants were 
N. Kumar and V. Rajaraman of the 
Indian Institute of Science (IISc), Ban¬ 
galore, K. S. Yajnik of the National 
Aeronautical Laboratory, Bangalore, 
and K. R. Sharma of DST. To begin 
with, multidisciplinary overview talks 
on neural networks were presented. 
T. Desiraju of NIMHANS, who chaired 
the first session, spoke on 'Neural 
systems architecture and functioning 
principles’. C. Dasgupta (IISc) spoke on 
‘Physics and mathematical aspects of 
neural networks', Patnaik (IISc) on 
'Computations simulating neural net¬ 
work principles’, and S. Ramani (Natio¬ 
nal Centre for Software Technology, 
Pune) on 'Software and neural net 
models’. Notable among the other 
presentations were those of M. Vidyasa- 
gar (Centre for Artificial Intelligence 
and Robotics, Bangalore), P. R. K. Rao 
(Indian Institute of Technology, Kan¬ 
pur) and M. A. L. Thathachar (IISc). 
Representatives from the Advanced 
Numeric Research and Analysis Group 
(ANURAG), Hyderabad, and the Centre 
for Development of Advanced Comput¬ 
ing (C-DAC), Pune, also spoke about 
their interest in NNM in addition to 
their development work in parallel 
computing. 

Despite an entire morning’s discussion 
on various aspects of NNM and on the 
identification of areas for a national 
programme of action, no coherent and 
strong viewpoint emerged and prepara¬ 
tion of a 'draft outline of national 
programme’ could not be undertaken 
immediately. The lack of any convergent 
viewpoint on the action programme is 
not surprising considering the fact that 
the field is very young, though rapidly 
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evolving, and the meeting itself was the 
first of its kind in the field of NNM. The 
meeting did agree that four experts, 
drawn from among the participants of 
the meeting, would work out the 
required draft outline of the national 
programme on NNM and submit it to 
DST. 

In the background of major develop¬ 
ments in the area of parallel computing, 


the neural network approach has much 
to offer as it is an inherently parallel 
approach to problem solving. Neural 
network-based algorithms could contri¬ 
bute significantly to application areas 
like picture processing, VLSI design and 
constrained optimization. In fact, realiz¬ 
ing the importance of this work, the 
European Economic Community (EEC) 
has launched a programme called 


BRAIN (Basic Research in Adaptive 
Intelligence and Neuro Computing) to 
promote cooperation among researchers 
in mathematics, computer science, bio¬ 
logy and condensed matter physics 
interested in neural networks. 

G. Athithan, ANURAG, Hyderabad 


RESEARCH NEWS 

Esoteric physics and delicate experiments 

Dipankar Home 


Quantum mechanics is now more than 
sixty years old. It is a strange theory. 
Despite tremendous empirical success 
covering a wide range of areas from 
nuclear reactors to liquid helium, worry¬ 
ing doubts continue to persist about its 
intriguing interpretational aspects. For 
the last sixty years physicists have been 
busy examining if this weird theory can 
interpret all the facts emerging from a 
comprehensive probing of the atomic 
and subatomic world. Now that the 
working rules have been vindicated to a 
great extent, physicists have become 
more concerned with the conceptual 
problems. The proliferation of literature 
and conferences on this topic reflect this 
new mood. 

In recent years there has been a 
resurgence of interest in this subject 
owing to the emerging interface between 
experimental studies and foundational 
problems. Thanks to technological ad¬ 
vances it is now possible to perform 
some incredibly delicate experiments 
seeking to probe recondite conceptual 
issues. An impressive testimony to this 
is that the Central Research Laboratory 
of Hitachi, Japan, in collaboration with 
the Physical Society of Japan, organize, 
once in three years, an International 
Symposium on Foundations of Quan¬ 
tum Mechanics*. 

In the words of Y. Takeda, director of 
the Central Research Laboratory, 
Hitachi: ‘Like the Renaissance, going 
back to basics must be the driving force 


*The Third International Symposium on 
Foundations of Quantum Mechanics (ISQM— 
Tokyo ’89) was held in Tokyo, 28-31 August 
1989. 


towards the next significant step. This is 
why it is inevitably valuable for physi¬ 
cists, mathematicians and industrial 
researchers to get together and discuss 
their dreams and problems.... It is now 
time for industry to return a great 
favour to quantum mechanics, hoping 
for its further advancement.’ In fact, this 
series of ISQM were motivated by 
Akira Tonomura’s fascinating experi¬ 
ment performed at the Hitachi Labora¬ 
tory to unambiguously prove a striking 
quantum-mechanical effect (known as 
the Aharonov-Bohm effect) that pro¬ 
duces a physically observable quantum 
effect (due to vector potential) on 
charged particles in a magnetic field-free 
region. Tonomura used electron holo¬ 
graphy and a toroidal magnet of micron 
dimension. 

The interplay between quantum 
mechanics and technology is a two- 
way process. From the perspective of 
technology, the microfabrication tech¬ 
nique has reached the stage where one 
really needs quantum mechanics to 
design, for example, integrated circuits 
on a scale approaching microscopic 
dimensions, or superconducting trans¬ 
istors using the overlap of Cooper-pair 
wave functions penetrating into a semi¬ 
conductor substrate. Similarly, reduc¬ 
tion of noise, for instance, in the case Of 
superconducting quantum interference 
devices (SQUIDs) has reached the level 
where one needs to be concerned with 
quantum-mechanical zero-point fluctu¬ 
ations instead of ordinary thermal noise. 

From the perspective of quantum 
mechanics developments in fields like 
electron holography, neutron interfero¬ 
metry and quantum optics have enabled 


realization of many ‘thought experi¬ 
ments’ conceived to discover new facets 
of quantum theory. For instance, H. 
Rauch (Wien, Austria) reported results 
of some fascinating experiments per¬ 
formed with neutron interferometry. To 
quote Rauch himself, ‘Particle and wave 
properties appear simultaneously if a 
partially absorbing neutron detector is 
inserted to obtain a certain degree of 
beam path detection, although the inter¬ 
ference pattern remains visible up to a 
surprisingly high degree.’ This raises 
thought-provoking issues related to the 
uncertainty relations for unsharp par¬ 
ticle-wave behaviour and their interpre¬ 
tation in terms of quantum-mechanical 
measurement theory. 

Magnetic flux quanta (fluxons) are 
important in both fundamental and 
applied superconductivity. Until recently, 
a fiuxon was too small to be observed, 
Akira Tonomura reported the ft si 
observation of magnetic lines of force of 
a single fiuxon using electron inter¬ 
ference. He also indicated some tanta¬ 
lizing future prospects of the electron 
holography technique. A. Garuccio (Bari, 
Italy) emphasized that the experiments 
related to the £instein-Podolsky™Rosen 
(EPR) paradox using correlated photons 
have not yet provided an unambiguous 
verdict on the much-debated question of 
quantum mechanics versus local realism, 
owing to low efficiency of the photo¬ 
multiplier detectors' for visible photons, 
which is at most about 20%. He 
discussed the plan for a new type 
of experiment on the EPR paradox 
where one can vary the correlation 
between two photons in an EPR state 
by varying the magnetic field at the 
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source emitting those photons. This 
experiment, when completed, would be 
a valuable complement to other experi¬ 
ments critically testing the non-local 
aspects of quantum theory manifested in 
the apparently bizarre correlation be¬ 
tween two non-interacting and spatially 
separated particles in the EPR-type 
examples. There was thorough discussion 
of how to circumvent the difficulties in 
providing clear-cut tests on this issue. 
Developments were reported concerning 
avalanche photodiodes (solid-state detec¬ 
tors for photons), which have achieved 
efficiency as high as 50%. This effort 
looks promising. The efficiency needed 
is of the order of 70-80%. A new twist 
to the EPR paradox in the presence of 
CP violation was discussed by D. Home 
(Bose Institute, Calcutta, India). This 
was an elaboration of earlier work by A. 
Datta, D. Home and A. Raychaudhuri 
pointing out the possibility of quantum 
non-local effect at the statistical level. 
An attempt was made to clarify some of 
the controversial elements in that work, 
and subtleties involved in the use of 
‘non-orthodox’ measurements involving 
physically observable non-orthogonal 
states in the EPR context were analysed. 
Animated discussion following this talk 
revealed that the issue of compatibility 
of such quantum non-local effects with 
the basic principles of special theory of 
relativity merits more careful scrutiny. 
The possibility of carrying out experi¬ 
ments along the lines suggested by 
Datta et ai was also discussed, 

M. Peshkin (Argonne National Labo¬ 
ratory, USA) outlined new ideas for 
measuring the neutron electric dipole 
moment by using neutron interferometry 
techniques. A non-zero value for the 
neutron electric dipole moment, if experi¬ 


mentally proved, would signify a sensitive 
measure of tirhe-reversal asymmetry. 
Aharonov and Casher had recently pre¬ 
dicted an interesting quantum-mecha¬ 
nical effect in which neutral particles 
having magnetic dipole moment diffract 
around a line of electric charge and pick 
up an additional phase shift in the 
quantum-mechanical wave function. Ex¬ 
perimental verification of this predic¬ 
tion was reported by A. Cimmino and 
his group at the School of Physics, 
University of Melbourne, Australia. The 
significance of this effect in terms of 
gauge symmetry was expounded by J. 
Anandan (University of South Carolina, 
USA). There were also several review 
talks on the topological aspects of quan¬ 
tum theory (including one from E. C. G. 
Sudarshan), the quantum measurement 
problem, Bell’s theorem, and quantum 
effects in single-photon and single-atom 
experiments. The present status of experi¬ 
mental studies purporting to demonstrate 
macroscopic quantum coherence effects 
(related to the ‘Schrodinger’s cat para¬ 
dox’) was reviewed. Van Wees (Delft 
University of Technology, The Nether¬ 
lands) discussed the implications of the 
recent discovery of the quantized con¬ 
ductance of point contacts in the 
absence of a magnetic field. There were 
also reports on interesting new effects in 
random networks of very small Joseph- 
son junctions and their quantum-mecha¬ 
nical explanation. 

In a session on quantum cosmology 
J. B. Hartle (University of California, 
Santa Barbara, USA) advocated the 
point of view that resolutions of the 
problems of interpretations presented 
by quantum mechanics are not to be 
accomplished by further scrutiny of the 
subject as it applies to reproducible 


laboratory situations, but rather through 
an examination of the origin of the 
universe and its subsequent history. S. 
Wada (University of Tokyo) analysed 
the conceptual ramifications, albeit con¬ 
troversial, of certain interesting charac¬ 
teristics of the wave function of the 
universe in the inflationary cosmological 
scenario. A special session included 
stimulating talks by the celebrated 
physicist John Wheeler and Nobel 
laureates W. E. Lamb, L. Esaki and 
C. N. Yang. Yang traced with historical 
detail the genesis of Maxwell’s equations 
and the key role played by the concept of 
vector potential. In a separate presen¬ 
tation Yang outlined his own ideas on 
the theory of high-temperature super¬ 
conductivity. Lamb presented his analysis 
of the theoretical understanding of the 
hotly debated, so-called ‘cold fusion’ 
experiments. 

The proceedings of this conference 
should be of interest to anyone fof 
whom physics is more than just a set of 
calculational recipes. It would contain 
brain food for a wide spectrum, ranging 
from the formal theorist, through hard¬ 
core experimenter, all the way to the 
artistically minded one searching for 
new concepts in our understanding of 
the mysteries of physical phenomena. 
After attending the conference one feels 
uneasy, and wonders how such a 
conceptually problematic theory as 
quantum mechanics can achieve such 
spectacular success. That is a puzzle 
whose answer lies hidden somewhere in 
the future. 


Dipankar Home is in the Department of 
Physics, Bose Institute, Calcutta 700 009. 
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We may be wrong 

Donald Christiansen 


A mix of public mistrust of ‘technology’, the free and open criticism of scientists and engineers by 
colleagues, occasional cases of fraud, and a certain glee we all seem to share in toppling giants may 
exacerbate suspicion of fraud. But crying fraud in cases of genuine error could endanger the 
scientific method itself. 

[© 1989 IEEE. Reprinted, with permission, from IEEE Spectrum, vol 26, no. 7, July 1989, p. 19.] 


Somehow a good portion of the general 
public evidently believes that engineers 
and scientists claim perfection. Experi¬ 
ments performed by scientists are 
expected to work the first time. Engi¬ 
neers are expected to meet the system 
specifications—even if the system bears 
little resemblance to any previously 
built—and to do so within budget. In 
the absence of perfection, the public 
suspects incompetence or even fraud. 

Why is this so? The public seems to 
accept—or at least comprehend—the 
uncertainty of medical procedures, even 
of those that are well established. 
Undoubtedly this is largely because the 
practitioners of the medicl profession 
find it circumspect to inform the public, 
their patients, of the uncertainties 
involved. 

However, when scientists are found 
wanting, it often becomes headline 
news. Witness cold fusion. When experi¬ 
menters at the University of Utah and 
Southampton University found evidence 
of an unexpected and inexplicable burst 
of heat from electrochemical cells at 
room temperature and attributed it to 
nuclear fusion, fellow scientists who 
were unable to repeat the experiment 
accused them publicly of ‘incompetence 
and delusion’. Other scientists called the 
behaviour of the cold fusion experi¬ 
menters ‘deplorable’ because they did 
not submit their apparatus for indepien- 
dent analysis. Experimental error, such 
as an artefact in the measurement 
process, could have accounted for mis¬ 
leading results. But what journalist 
could resist the temptation to quote 
such colourful, pejorative statements by 
esteemed colleagues? 

It seems to many but a small step 
from ‘deplorable’ science to ‘fraudulent’ 
science. But Robert Pollack, dean of 
Columbia College, where he is a pro¬ 
fessor of biological science, pointed out^ 
that the extrapolation from error to 


fraud is not only inappropriate but 
could endanger the scientific method 
itself Those who believe that published 
science must be free of error are wrong, 
he said. Published error is at the heart 
of real science. Noting that ‘we scientists 
love to do experiments that show our 
colleagues to be wrong’ and that ‘we 
agree in advance to reject our own 
findings when they have been shown to 
be in error’, he concluded that if 
scientists are asked to forswear error, or 
worse, equate error with fraud, ‘then we 
cannot function as scientists’. 

How do engineers fit into this picture? 
We may not be as often at the cutting 
edge of fundamental knowledge as the 
scientist, but surely we are faced with 
ample opportunities to fail, overreach, 
and fall short of our hopes and goals. 
Failing to meet ambitious specifications 
the first time, or even ever, does not 
constitute fraud, or necessarily even 
poor engineering. Ambitious specifi¬ 
cations set as a target may be what 
helps us get halfway there, and enables 
us to produce a product far superior to 
any previously available. 

In this regard we employ some of the 
same techniques of the scientific method 
that are the stock-in-trade of the 
scientist. Instead of hypothesizing a 
fundamental theory, we hypothesize a 
system to do a certain job. We test the 
system or parts of it. We find errors in 
our hypothesis; the system seldom 
works the way we hoped it would. We 
fix. Test. Redesign, Test again. Eventually, 
after many errors and blind alleys, we 
produce a useful system. Sometimes we 
don’t. Nothing fraudulent here. 

What is it that leads an observer—^whe¬ 
ther he be reporter, congressional investi¬ 
gator, or fellow scientist—to suspect 
fraud where none exists? 

Here are some possible factors: 

• An environment in which a scientist 
is surrounded by attorneys, publicists, 


and/or grant officers, any or all of whom 
might prematurely tout his develop¬ 
ments in the interests of establishing a 
patent position or winning a grant. 

• Actual fraud in science and techno¬ 
logy—it does sometimes happen. The 
more frequently it does, the more likely 
critics are to unjustly suspect fraud. 

• Pejorative criticism of scientists or 
engineers by colleagues, which may 
trigger undue suspicion of bad faith or 
fraudulent intent. 

• New systems, which, especially where 
few copies are to be produced, and 
particularly in the military where hostile 
environments cannot be readily speci¬ 
fied, are frequently subject to perform¬ 
ance shortfalls. These are often seized 
upon by auditors and journalists as 
worthy of the public’s attention. 

However, offering to bid on an 
advanced new system at a price no one 
believes is close to achievable in order 
to ‘buy into’ a programme may indeed 
border on fraud. This is a less likely 
scenario if the objective specifications 
are arrived at mutually by vendor and 
supplier. 

In the end, what may exacerbate 
suspicion of fraud by engineers or 
scientists is perhaps a mix of public 
mistrust of ‘technology’, the free and 
open (and sometimes excessive) criticism 
of scientists and engineers by their 
colleagues, occasional cases of unequi¬ 
vocal fraud by a few scientists and/or 
engineers, and a certain glee we all seem 
to share in toppling giants. 


1. In science, error isn’t fraud. The New 
York Times, May 2, 1989. 


Donald Christiansen is editor, IEEE 
Spectrum. New York. 
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OPINION 


India needs to strengthen quantitative studies of science 

Subbiah Arunachalam 


India should learn from the West in giving more thought to studying the processes of knowledge 
production and utilization. In a field that can provide important data on graduate science education 
standards, brain drain and publishing trends, we have just started to scratch the surface. 


A recent study conducted at the Institute 
for Scientifc Information, Philadelphia, 
has shown the dramatic rise in the 
influence of physics research done at 
Princeton University in the 1980s. The 
study looked at the citation impact of 
physics research papers published from 
five top-rated US universities, viz. 
Harvard, Princeton, Caltech, MIT and 
Cornell, during the period 1973-1988. 
The average number of citations won 
annually by Harvard University physics 
papers fell from a fabulous 2.36 in 
1973-77 quinquennium to about 1.7 in 
the quinquennium 1984-88. During the 
same period Princeton’s citation impact 
rose from a moderate 1.85 to about 2.3, 
thanks largely to the work of Edward 
Witten and the group known as the 
‘Princeton String Quartet’ comprising 
J. A. Harvey, D. J. Gross, E. Martinec 
and R. Rohm on string theory, which is 
among the hottest areas of theoretical 
physics. In fact, physics papers published 
by Princeton physicists in the five years 
1984-88 in 142 of the world’s highest- 
impact physics journals such as Physical 
Review Letters, Reviews of Modern 
Physics and Journal of Physics (in many 
sections), were cited 131% more frequ¬ 
ently than the average physics paper. To 
complete the story of the better-known 
US university physics departments, right 
now Caltech has a better citation 
impact than MIT and Cornell, but all 
the three are way below Princeton. And 
Cornell’s citation impact has declined 
rapidly too. 

In another study—never mind the 
controversy on methodology it gave rise 
to—John Irvine of the Science Policy 
Research Unit at Sussex and colleagues 
from several institutions on both sides 
of the Atlantic showed that in Margaret 
Thatcher’s Great Britain science was on 
the decline and at a rate not too 
conducive to Britain’s comfort. In fact, 
within months of the publication of the 
study, there was an exodus of the best 
of British university professors to the 


greener pastures of North America, not 
only in the sciences and engineering but 
also in economics and the social 
sciences. 

There has been a growing interest in 
the advanced countries of the West in 
the past decade to develop quantitative 
techniques for the study of the processes 
of knowledge production and utiliza¬ 
tion. Tremendous strides have been 
made within the short span of ten years. 
These studies have developed in two 
independent but interrelated streams: 
one leading to the mapping of know¬ 
ledge—constructing an atlas of science 
as it were, with the cognitive links 
between different emerging research 
fronts clearly delineated—based on 
concept-relating tools such as cocitation 
cluster and coword analyses; and the 
other providing the tools to evaluate the 
pace of the growth of knowledge, and 
its impact and influence on further 
production of knowledge as well as on 
factors outside of science per se, viz. 
profitability of corporations and econo¬ 
mic development of nations. 

Secondary to these mainstream con¬ 
cerns, we have also witnessed a growing 
interest in understanding "the nature of 
the scientific enterprise in the less- 
developed as well as scientifically peri¬ 
pheral societies of the world. 

Unfortunately, the scientific establish¬ 
ment in India came to realize the signifi¬ 
cance and need for such studies rather 
late. And it was left to a few individuals 
to carry out such studies as were 
possible with limited or no funds at all. 
Leaders of Indian science seem to be 
content with mere perceptions unsuppor¬ 
ted by quantitative evidence—^something 
they dare not do in their own chosen 
fields of science. Let me illustrate with 
two statements I came across recently 
on the quality of India’s scientific 
manpower. Both were made by eminent 
academicians and were made at impor¬ 
tant forums in all seriousness. In a talk 
on the issues and priorities in S<&T 


planning, a leading Indian scientist drew 
attention to the fact that Indian students 
who fail to clear the GATE examination 
for admission to the masters programme 
in the Indian Institutes of Technology 
and the Indian Institute of Science do 
get admission in decent American uni¬ 
versities. Unsupported by data, this 
statement does not say much. Is the 
standard of admission higher at IITs 
and IISc than in some of these US 
universities? Or is the GATE examina¬ 
tion system defective? What is the 
percenta^je of students who fail at the 
GATE examination and still get admis¬ 
sion in US (or other overseas) uni¬ 
versities of standing? Another Indian 
researcher of standing, in an invited 
article on Indian science contributed to 
a special issue of Daedalus, feels that not 
more than 5% of scientists in Indian 
laboratories should have been admitted 
to graduate courses in the first place! 
While my own perception agrees with 
his, I wonder how he arrived at this 
number. 

It is common knowledge that such 
quantitative studies owe a great deal to 
the pioneering efforts of the late Derek 
de Sofia Price (of Little Science, Big 
Science and Science Since Babylon fame) 
and Eugene Garfield, the creator of 
Science Citation Index. Not so well 
known is the contribution made by the 
late Michael J. Moravcsik, a scholar- 
activist, who, despite his European- 
American background, had an exceptio- 
i^ally good understanding of the realities 
of the Third World. The US National 
Science Foundation and OECD, Paris, 
have a strong interest in the develop¬ 
ment and use of quantitative techniques 
and their use in science policy formula¬ 
tion. CNRS in France, the Royal 
Society, the Hungarian Academy of 
Sciences and the European Commission 
are among the several national and 
international organizations with strong 
groups in this area. The Ciba Founda¬ 
tion organized a major symposium on 
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evaluation of science in 1988. The 
Universities of Amsterdam and Leiden 
in the Netherlands also organized 
advanced-level workshops in the past 
two or three years, 4S—the Society for 
the Social Studies of Science—devotes 
more and more time to seminars on 
quantitative studies of science in its 
annual meetings. Ton Van Raan of 
Leiden edited the first handbook in this 
field and the essays he commissioned 
have set high standards. 

In India the only institution devoted 
to such studies is NISTADS in New 
Delhi. NISTADS played host to the 
Commonwealth Workshop on ‘Science 
and technology indicators for develop¬ 
ment’ in 1985. Rajeshwari and colleagues 


of the Department of Science and 
Technology produce R&D Statistics, in 
some ways similar to NSF’s Science 
Indicators, INSDOC (under CSIR) and 
ICMR have small groups devoted to 
bibliometric research but their impact is 
yet to be felt. My colleagues and I have 
looked at the citation impact of work 
done at three physics laboratories (NPL, 
IISc and Banaras Hindu University); the 
impact of Indian work in the fields of 
catalysis, superconductivity, holography 
and liquid crystals; and the links 
between work published in Indian 
journals and world science. The Sep¬ 
tember 1989 issue of Scientometrics (of 
which I was guest editor) was entirely 
devoted to research papers from Indian 


authors working in india. On the whole 
we have just started to scratch the 
surface. 

In a vast country with a fairly large 
investment in science, especially when 
the investment is going to be hiked from 
the current 1.1% of GNP to about 
2 . 2 % within the next five years or so, it 
will be unwise to decide on policy 
questions without carrying out adequate 
quantitative studies. 


Subhiah Arunachalam is a student of 
information science and science studies 
and is on the editorial hoards of Journal 
of Information Science, Scientometrics 
and Current Contents. 


WeTl help you get there 
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scientists in your establishment, then 


you’re sure to benefit by 
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R&D unit in India. What’s more, it’s read by 
hundreds of individual subscribers-—students, 
doctoral scientists and professionals in vir¬ 
tually every field of scientific activity in India. 

Current Science has the largest circulation 
among scientific journals in India. 

And to give you more impact, we’re now 
bigger, and better. 

Write now, or send your copy to 



C. V. Raman Avenue, P. B. No. 8 ooi, 
Bangalore 560 080 


CURRENT SCIENCE, VOL. 59, NO. 2, 25 JANUARY 1990 


77 





S&T IN INDIA 


Fostering applied science—the Cochin 
University of Science and Technology 

Harsh K. Gupta 


Its emblem symbolizes the Cochin 
University of Science and Technology’s 
basic concern-—to be a centre of learning, 
of study and research in applied science 
and technology and of transfer of such 
knowledge for the betterment of human¬ 
ity. A rising sun and a coconut palm in 
the emblem together represent the 
birth of a new centre of educational 
excellence in the land of Kerala. An 
open book represents learning, a factory 
its application, and a power transmission 
tower its dissemination. The basic philo¬ 
sophy and goals of the university find 
eloquent expression in the motto Tejasvi 
navadhitamastu, taken from the Yajur 
Veda, meaning ‘May learning illumine 
us both [the teacher and the taught]’. 

Probably the first concrete step in the 
direction of the Kerala Government’s 
commitment to the national plan of 
science and technology was the esta¬ 
blishment of Cochin University in 1971 
for the specific purpose of ‘the develop¬ 
ment of higher education with particular 
emphasis on post-graduate studies and 
research in applied science, technology, 
industry and commerce’. The Cochin 
University was conceived as a science 
and technology university and was cast 
in the mould of a federal university, 
different from other, affiliating, univer¬ 
sities. The erstwhile University of Cochin 
was upgraded and reorganized in Febr¬ 
uary 1986 as the Cochin University of 
Science and Technology. 

The campus 

Located 15 kilometres north of Erna- 
kulam city, on a campus of about 180 
acres in Thrikkakara, the main campus 
is serene and beautiful. Rolling hills 
w'ith patches of thick green and planted 
trees all over, and plenty of fresh air and 
sunshine lift the spirits of students, staff 
and faculty. The main administrative 
block is built in the traditional Kerala 
style with tiled roofs and is very func¬ 
tional. The campus houses 14 teaching 
and research departments, eight auxiliary 
institutions, a computer centre, the 


central library, five hostels, a guest 
house, a visiting faculty complex, staff 
quarters, a health centre, a gymnasium, 
and a post office and a bank. Another 
campus of the university is located in 
Ernakulam, by the side of the sea, and 
houses the School of Marine Sciences, 
the School of Environmental Studies 
and the Department of Industrial Fishe¬ 
ries, and a men’s hostel. Proximity to 
the sea and facilities like a jetty and 
several sea-going vessels provide an 
environment essential for marine science 
and related studies. 

Recognized institutions 

Even though the university (CUST) is not 
an affiliating type, its territorial jurisdic¬ 
tion extends all over the state of Kerala. 
There are ten recognized research institu¬ 
tions where candidates can carry out 
research and register for a Ph D degree in 
CUST. These are: the Naval Physical and 


Oceanographic Laboratory, Cochin; the 
National Institute of Oceanography; the 
Regional Research Laboratory, Trivan¬ 
drum; the Marine Products Export 
Development Authority, Cochin; the 
Integrated Fisheries Project, Cochin; the 
Centre for Earth Science Studies, Tri¬ 
vandrum; and the Kerala Forest Research 
Institute, Cochin. 

Academic and administrative set-up 

The university has a sanctioned 
strength of 200 faculty and a student 
body, including part-time students, of 
about 1800. Academic programmes of 
the university spread over eight faculties, 
including science, engineering, environ¬ 
mental studies, marine science, social 
science, humanities and law. There are 
17 teaching and research departments/ 
schools, the major science and technology 
departments being electronics, ship 
technology, computer science, applied 



The administrative office—traditionai Keraia architecture in a 
green campus. 
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chemistry, polymer science and rubber 
technology, environmental studies, marine 
science, technology, industrial fisheries, 
physics, and mathematics and statistics. 

In addition to the central library, all 
the departments/schools have their own 
libraries. The total holding of books 
exceeds 176,000 and the number of jour¬ 
nals subscribed exceeds 1000. Automation 
of the university library service is under 
way with special assistance under a 
project from the Ministry of Human 
Resource Development (MHRD). The 
university publishes the Journal of In¬ 
dustrial P'isherieSy the Journal of Marine 
Sciences, and Shiptechnic. 

There is a well-equipped Science 
Instrumentation Centre with facilities to 
support research-related fabrication and 
design, and testing of scientific equipment 
and components. The university also 
has a Centre for Sponsored Research 
and Consultancy, which helps in liaising 
with industry and outside organizations. 
The Centre has conducted several studies 
on a sponsorship basis. 

CUST is supported by grants from the 
State Government, Central Government 
Departments, UGC and other organiza¬ 
tions. Typically the support varies 
between 60 and 100 million rupees 
annually, depending upon the level of 
research and development activity. 


Electronics and computer science 

The Department of Electronics offers 
doctoral programmes in various applied 
areas. Research areas of special interest 
to the department are antennas, artificial 
intelligence, communications, computer 
science, digital signal processing, instru¬ 
mentation, liquid crystal displays, micro- 



Research students at work on a micro¬ 
processor development system. 


processors, microwaves, radar cross- 
sections, solid state electronics and 
underwater acoustics. Major laboratory 
facilities available in the department 
include the Microwave Research Labo¬ 
ratory, the Centre for Research in 
Microprocessor Applications, the Elec¬ 
tronic Instrumentation Research Labo¬ 
ratory, the Devices Laboratory and the 
Digital Laboratory. These laboratories 
have all the necessary equipment: 
microprocessor development systems, 
microcomputers, spectrum analyser, 
data acquisition units, analog/hybrid 
computer trainers, logic analysers, etc. A 
mobile radar unit (S-band) for training 
purposes has also been made available 
by the Defence Research and Develop¬ 
ment Organization (DRDO). UGC sel¬ 
ected the department for its COSIST 
assistance in 1988. 

The department has developed sophi¬ 
sticated microwave antenna systems 
using microstrip technique. Gap-coupled 
microstrip antennas were developed 
with considerable enhancement of impe¬ 
dance bandwidth. Non-destructive testing 
of non-metallic bodies using microwaves 
is another area in which the department 
has made a significant contribution. 
Microprocessor-based instrumentation for 
this has already been developed. The 
department has developed new modules 
for speech recognition using micro- 
processor-based systems. In underwater 
acoustics, PVDF-based transducers have 
been developed for sonar applications. 
These projects were funded by the 
Department of Electronics, Govern¬ 
ment of India (DOE), and MHRD. A 
new type of ferroelectric crystals for 
dynamic display have been synthesized 
and were characterized for optimum 
results. 

An M Tech degree course in electro¬ 
nics, with specialization in digital 
electronics and microwaves, and radar 
electronics, and a post-BSc diploma 
course in consumer electronics and TV 
technology are also conducted by the 
department. An M Sc course in electro¬ 
nics, with specialization in artificial 
intelligence and robotics, will be started 
from the 1990-91 academic year. This 
programme is sponsored jointly by 
UGC and DOE. 

Started five years ago, the Depart¬ 
ment of Computer Science offers doc¬ 
toral programmes in computer soft¬ 
ware, financial and corporate systems 
design, medical diagnostic systems and 


artificial intelligence. Facilities include 
two 32-bit computers with 20 terminals, 
several PCs, two flat-bed plotters and a 
MicroVAX II workstation. Sponsored 
research projects undertaken by the 
department include work on a geo¬ 
graphic information system based on 
data from the Resource Atlas of Kerala 
(prepared by the Centre for Earth 
Science Studies, Trivandrum) and a 
legal reasoning based on computers. 
The department also coordinates the 
Computer Literacy and Studies in 
Schools (CLASS) experiment sponsored 
by the Government of India. 

The department offers an MTech 
degree course in computer and 
information sciences designed to pre¬ 
pare graduates for careers as systems 
analysts, computer system designers, 
software engineers or communication 
specialists. An MSc degree course in 
computer software, sponsored by DRDO, 
is also offered. Successful candi¬ 
dates are automatically absorbed by 
DRDO laboratories. Project work 
done as part of the courses in the 
department provides students opportun¬ 
ities to do research in areas of interest 
to them. Some of the widely appreciated 
student projects are (i) an expert system 
for localization of brain tumour, (ii) an 
expert system for accident claims, 
(iii) Travels of Marco Polo', and (iv) an 
automated system for piping layout for 
chemical projects. 

Research in lasers 

The Department of Physics offers M Sc, 
M Phil and Ph D courses. Recently the 
All India Council of Technical Education, 
through UGC, sanctioned an MTech 
course in optoelectronics and laser 
technology and it is expected that the 
first batch of students will be admitted 
in 1990. Research activity is in three 
main streams, viz. lasers and optoelec¬ 
tronics, materials science and theoretical 
physics. 

Research in lasers and their applica¬ 
tions was started in the latter half of the 
seventies. During the early period the 
main efforts were in the direction of 
design and fabrication of indigenous 
laser systems of different categories. 
Pulsed nitrogen lasers, dye lasers, CO 2 
laser and Nd~glass laser were fabricated 
locally and studies were made on their 
operating characteristics. 
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Programmes offered at CUST—emphasis on applied science, technology, industry 

and commerce 


Department/School 

Programme 

Applied Chemistry 

(a) MSc (Applied chemistry) 

(b) MSc (Biotechnology) 

(c) MPhil 

(d) Ph D 

Computer Science 

(a) MTech (Computer and Information science) 

(b) MSc (Computer software) 

(c) iPh D 

Electronics 

(a) MTech (Electronics) 

(b) Post-BSc Diploma (Consumer electronics and TV 
technology) 

(c) PhD 

Industrial Fisheries 

(a) MSc (Industrial fisheries) 

(b) PhD 

Marine Sciences 

(a) MSc (Marine biology) 

(b) MSc (Marine geology) 

(c) MSc (Oceanography) 

(d) MSc (Meteorology) 

(e) MTech (Atmospheric sciences) 

(f) MPhil 

(g) Ph D 

Mathematics and Statistics 

(a) MSc (Mathematics) 

(b) MSc (Statistics) 

(c) MSc (Operations research and computer applications) 

(d) MPhil 

(e) PhD 

Physics 

(a) MSc (Physics)' 

(b) MPhil 

(c) PhD 

Polymer Science and Rubber 
Technology 

(a) BTech (Polymer science and rubber technology) 

(b) MTech (Polymer technology) 

(c) PhD 

Ship Technology 

BTech (Naval architecture and ship-building) 

Environmental Studies 

(a) MSc (Environmental studies) 

(b) Ph D 

Technology 

(a) MTech (Electrical engineering) 

(b) MTech (Civil engineering) 

(c) MTech (Mechanical engineering) 

(d) MTech (Chemical engineering) 

CMFRI (Recognized 
institution) 

(a) MSc (Mariculture) 

(b) Ph D 


Substantial research grant during the 
second phase from different funding 
agencies stimulated a much faster growth 
and expansion of laser-related research. 
K major dye laser facility was set up 
with liberal financial assistance from the 
Department of Science and Technology, 
Government of India. This regional 
facility consists of a ring dye laser 
(Spectra Physics model 370 D) pumped 
by a 12 W argon ion laser (Spectra 
Physics model 171), With the help of 
‘stabilok’ electronics the ring dye laser is 
capable of single-mode operation and 
the ultimate linewidth available from 
this is as low as 1 MHz. Several new 
experiments in high-resolution laser 
spectroscopy using the ring dye laser 
have been initiated. The ring dye laser is 


one of two systems now operational in 
India. 

A Q-switched Nd-YAG laser along 
with a second-harmonic generator (Qua¬ 
nta Ray DCRll) procured with financial 
assistance from MHRD is virtually the 
work-horse of the laser laboratory. 
Tunable high-power pulsed laser output 
is available from a dye laser (Quanta 
Ray PDL2) pumped by the frequency- 
doubled Nd-YAG laser. Many experi¬ 
ments in nonlinear optics have been 
carried out with this system. 

The laser group at CUST has gained 
international recognition for studies in 
photoacoustics. In-depth investigations 
of photoacoustic phenomena in gases, 
liquids and solids have been made and 
many of the new results obtained have 


been published in international journals. 
An indigenous photoacoustic laser 
power meter developed by the group 
has attracted world-wide attention 
because of its simplicity and 
effectiveness. 

Laser-induced fluorescence, material 
damage under laser irradiation, thermal 
lens and optogalvanic spectroscopy, and 
laser-produced plasmas are other areas 
of study. The laser group has also deve¬ 
loped nonlinear materials for effecting 
phase conjugation due to four-wave 
mixing using low-power laser beams*. 
Recently the group carried out a time- 
resolved study of the spectra of Nd~ 
YAG laser-produced plasmas from the 
new high-Tc superconductors and came 
up with some surprising conclusions 
regarding the oxide species in the 
plasma. Fibre-optic technology is ano¬ 
ther subject currently being pursued. 
The main attention here is on the 
development of fibre-optic sensors. Sen¬ 
sors for the measurement of con¬ 
centration, reflectance and displace¬ 
ment have been designed and fabricated. 

Materials science research in the 
Department of Physics is in ferroelectric 
crystals, organic crystals, semiconducting 
crystals and metallic crystals. Studies 
include those on electrical properties of 
crystalline solids, development of semi¬ 
conducting and polymer thin films, 
compound semiconducting thin films, 
thermal properties of chalcogenide glas¬ 
ses using photoacoustic effect, and 
phase transition in high-temperature 
superconductors using photoacoustic 
effect. In theoretical physics the research 
interests range from gravitation and 
gauge theories to high-temperature 
superconductivity. 

In a nutshell, the physics department 
has produced more than 50 Ph D’s and 
contributed more than 300 research 
papers in national and international 
journals. The current research activity 
has 12 ongoing schemes with an annual 


*The previous issue of Current Science (10 
January 1990) contained a paper by K. P. B. 
Moosad and V. P. N. Nampoori on optical 
phase conjugation (page 44). The picture on 
the cover of this issue shows an experiment 
in progress in the laser laboratory. This issue 
also contains a research paper from CUST 
(‘Frustrated limit cycle and irregular behaviour 
in a nonlinear pendulum’ by G. Ambika 
of Maharaja’s College, Cochin, and V. M. 
Nandakumaran of CUST). -Ed. 
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extramural research grant exceeding ten 
million rupees. 

Collaborative ventures 

CUST has taken particular interest in 
fostering collaborative ventures. The 
DRDO-Cochin University Computer 
Centre is an example. The computer 
procurement is funded by DRDO (Rs 
12 million) while CUST has provided 
the building, air-conditioning, electricity 
and administrative support. Technical 
administration of the Centre, including 
operation and maintenance of the com¬ 
puter, is by DRDO. 

The Computer Centre, with a Cyber 
180/830 mainframe computer, is inten¬ 
ded to provide major computational 
facilities for teaching and research pro¬ 
grammes in the various departments of 
CUST and to foster greater interaction 
between the university and the National 
Physical and Oceanographic Laboratory 
and, thus, DRDO. The facilities at the 
Centre are also accessible to users 
outside the Cochin University/NPOL 
community, through CUST’s Centre for 
Sponsored Research and Consultancy. 

Another productive collaborative ven¬ 
ture is the tie-up with Wilhelm-Pieck 
University of Rostock, German Demo¬ 
cratic Republic, in the area of naval 
architecture. For over a decade now, 
CUST has been host to visiting faculty 
from Wilhelm-Pieck, and presently the 
Department of Ship Technology is 
headed by an eminent professor from 
the GDR. Several CUST researchers 
have successfully completed advanced 
research degrees at Wilhelm-Pieck. 

The School of Marine Sciences has a 
research tie-up with the Plymouth 
Marine Laboratory of the National 



Ship technology—students studying a 
scale model of the main engine room 
of a large ship. 


Environmental Research Council, UK. 
Similar collaborative activities are in 
progress between the Department of 
Polymer Science and Rubber Techno¬ 
logy and the Deutsches Kunstoff Ins¬ 
titute, Darmstadt, Federal Republic of 
Germany. This joint research pro¬ 
gramme is supported by the Volkswagen 
Foundation of the FRG. 

Concluding remarks 

In this article, I have not been able to 
do justice to all the departments and all 
the research activity. I often ponder 
what impact CUST has made in its 
short life, and very often the answer to 
this question is quite positive. The 
university held an ‘open house’ in the 
computer science department and the 
enthusiasm was overwhelming. Thou¬ 
sands of students, common people and 
children came to see in what way 
computer science is developing and 
helping in the betterment of mankind. 
For many of them this was the first 
exposure to the latest developments in 


this field. Equally popular was the 
‘Aquafesf festival organized by the 
Department of Industrial Fisheries. 
Queues of visitors came for three days 
to learn about marine life, marine 
resources, and how we can make 
environmentally acceptable use of them. 
I therefore believe that in terms of public 
awareness CUST is contributing signi¬ 
ficantly. The university will host the 
77th session of the Indian Science 
Congress in February. 

It is difficult to assess impact in 
science and technology by counting the 
number of publications, Ph D theses 
and projects. However, if numbers had a 
meaning, it may be noted that CUST 
has produced more than 300 PhD’s so 
far, the number of publications goes 
into several thousands, and we have 
attracted projects in frontier areas. 

We do have our problems. While 
there is the desire to excel, there is also 
constant pressure to lower standards in 
response to popular demands. Still, 
when I look at the balance sheet, I feel 
very strongly that this is a university 
with much more on the credit side and 
a bright future. 

Note: This article has been prepared 
on behalf of CUST. It has not been 
possible to include details of all the 
departments and all research activities 
owing to paucity of space. K. K. Jayan, 
Prof. C. P. Girijavallabhan, Prof. K. G. 
Nair and several others provided* 
material used in this article. K. P. 
Sasidharan assisted in the preparation 
of the manuscript. 


Harsh K. Gupta is Vice-Chancellor, 
Cochin University of Science and Techno- 
^ogy. 
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Resettlement anthropology and the Upper 
Krishna Project 

Jayendra Nayak 


Big developmental projects displace large numbers of people and cause psychological, physiological 
and sociocultural trauma. Successful resettlement and rehabilitation of the displaced people requires 
understanding of the sociological complexities involved. Our experience with large irrigation 
projects provides important lessons. 


In several developmental projects across the world, very 
large numbers of people are displaced from their 
existing habitat and need to be resettled elsewhere. 
Most spectacularly from the reservoir spread of major 
irrigation and hydroelectric projects, but also from 
projects involving mining, the construction of ports, 
and the establishment of industrial townships, such 
involuntary resettlement involving the disruption and 
metamorphosis of entire community life-styles invari¬ 
ably causes acute distress and impoverishment to large 
numbers of the displaced. Even where, in recent years, 
this has been belatedly recognized through the 
enhanced importance and funding provided for resettle¬ 
ment, an inadequate understanding of the complexity of 
the social processes associated with relocation must 
surely limit the success of any administered programme 
of resettlement. In this paper I shall argue that such 
preliminary epistemologies of the resettlement process 
are now emerging, and could be operationally helpful 
towards its successful management. 

A major irrigation project, in its design and 
execution, is typically viewed as a collaborative venture 
of engineers, project managers, agricultural scientists, 
civil servants, economists, contractors and the farmers 
who benefit from irrigation. The resettlement and 
eventual rehabilitation of those displaced is, however, 
typically seen as a salvage operation, mandated for 
implementation, and sought to be accomplished within 
managerial and programme parameters very similar to 
the rest of the project. However, in much the same way 
as research on the sociology of irrigated farming 
systems has revealed that the utilization of water is 
influenced as much by the adequacy of social 


Jayendra Nayak is Chairman and Managing Director, Karnataka 
Silk Industries Corporation, Bangalore. He was earlier Secretary to 
Government of Karnataka, Rural Development and Panchayati Raj 
Department. The views expressed are those of the author, and not 
those of the Government of Karnataka or any of its agencies. 
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institutions and organizations (underpinned by general 
concepts of rules, roles and spontaneous group 
formation^) as by individual capacities for risk-bearing, 
the anthropology of resettlement also merits investi¬ 
gation if administered programmes for involuntary 
resettlement are to succeed. 

Such an approach is likely to be helpful provided 
robust generalizations that are transferable across 
projects emerge. My objective is to consider some of the 
conclusions that sociologists who have studied resettle¬ 
ment have reached, and to relate these insights to the 
outcome of the resettlement process in a single major 
irrigation project, the Upper Krishna Project (UKP) in 
northern Karnataka. The replicability and cultural 
adjustability to UKP of generalizations based on 
sociologists’ field experiences elsewhere constitute, 
therefore, a preliminary test of the robustness of the 
generalizations^. 

There is, at the outset, a preliminary issue of how 
relevant a development project is, for the purpose of 
generating sociological enquiry and promoting socio¬ 
logically guided planned interventions. Cernea^ argues 
forcefully that, despite the project format concentrating 
resources on selected priorities, focusing on circum¬ 
scribed geographical areas and population groups, and 
thereby constituting segmented units of intervention 
that bypass ‘overall structures’, and despite most 
sociological enquiry being evaluative of development 
results, there are legitimate new entrance points for 
sociological knowledge being opened by studying large 
projects, which span operational, organizational and 
managerial issues. Clearly, large developmental efforts 
such as major irrigation projects, which mobilize 
extensive external resources and deploy them in a 
limited geographical area, must induce rapid social 
changes. Sociological analysis that identifies homogene¬ 
ities across projects undertaken in culturally dissimilar 
milieus ought to be methodologically defensible. 

Anthropological perspectives also induce a more 
conservative systems view of the development process, 
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with innovations regarded as ways of reinforcing, rather 
than escaping from, existing stable modes of existence. 

^ Such perspectives are strongly influenced by the work 
of palaeobiologists. Romer"’’, in his explanation of the 
origin of land-dwelling vertebrates, argued that the 
ancestors of these vertebrates lived in pools of water 
that went seasonally dry. Legs developed out of fins in 
order to carry them to neighbouring pools and not to 
enable them to live on land. In this manner, the need 
for stability can be the main impetus for change, and 
several sociologists argue that Romer’s rule is an apt 
metaphor for understanding the development process. 
Thus, Kottak^ suggests that successful developmental 
projects avoid the fallacy of overinnovation’. In the 
same way as the evolution of legs in aquatic creatures 
(a feature essential to land life) originated to allow 
continued aquatic existence, in a developmental process 
(particularly one as disruptive as involuntary resettle¬ 
ment), individuals, families and social groups innovate 
in a manner that seeks to recreate the earlier stabilities. 
Such responses to coping with resettlement may 
therefore be beneficial, and not antagonistic, to the 
success of the resettlement process, and would need to 
be incorporated into the development paradigm. 

The Upper Krishna Project 

UKP has been conceptualized as a long-term develop¬ 
ment programme for irrigating three districts in 
northern Karnataka, to be implemented in stages. Stage 
I, currently under execution, is being implemented in 
three phases. Phase I commenced in the late 1960s, 
initially financed exclusively from State Government 
budgetary resources, and subsequently from 1978 to 
0 1986, partly by the World Bank^. Phase II, negotiated 

with the Bank in November 1988, has recently begun 
implementation, and is scheduled for completion in 
1996L 

The project involves the construction of two dams 
(for storage at Almatti, and primarily for diversion at 
Narayanpur). The Narayanpur dam was fully construc¬ 
ted in Phase I and the reservoir waterspread will, with 
its maximum water storage, submerge 132 sq.km, 
involving 36 villages and farmlands from another 54 
villages, affecting in all an estimated 6630 families. The 
Almatti dam will be constructed to a partial height of 
^ 509 metres during Phase II and will then inundate 

129sq.km of land, affecting about 21,600 families (of 
which about 15,500 families are expected to suffer only 
temporary submergence of village houses, as the 
reservoir levels fluctuate seasonally). Finally, road and 
canal construction is expected to affect nearly 11,900 
families, most of whom will lose farmlands to varying 
extents, but will not be coerced into leaving their 
homes. 
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The Resettlement and Rehabilitation (R&R) pro¬ 
gramme during Phase I attempted to relocate families 
from 36 villages facing submersion under the Narayanpur 
reservoir into 27 Resettlement Centres, besides paying 
monetary compensation under the Land Acquisition 
Act for all properties lost through submergence. Each 
Resettlement Centre incorporated essential community 
infrastructure: school buildings, community halls, 
gymnasia, playgrounds, panchayat offices, temples and 
mosques. The Resettlement Centres were electrified, 
internal roads were laid out, and layouts for house 
construction were also spaciously provided. Transport¬ 
ation assistance in relocation was also given, as was 
some temporary assistance towards consumption ex¬ 
penditure. Of the 36 villages proposed for relocation, 
only one village has hitherto not shifted and some 
families from 11 other villages are also yet to shift. 
(Their houses have hitherto not been submerged as the 
water level at the dam has been kept 2 metres below 
full reservoir level.) Elsewhere, relocation has been 
complete. 

Besides the submergence of these villages and their 
associated farmlands, the Narayanpur reservoir spread 
also envisaged the submergence of farmlands in another 
54 villages. In 1987, the project authorities attempted, 
on the basis of a sample study, to assess the extent to 
which compensation amounts received by the displaced 
for loss of property had been reinvested in farmlands. 
The study revealed that an estimated 13% of 
compensated families invested in purchase of replace¬ 
ment farmland. The plight of erstwhile agricultural 
labour who owned no fermland and therefore received 
no compensation, but who nevertheless lost opportun¬ 
ities for employment on account of the extensive 
farmland submergence, was the most serious. Some 
found local employment in project construction, whereas 
most migrated out of the area. A large proportion of 
landed farmers became landless. 

Thereby, although the relocation of the displaced 
into Resettlement Centres during Phase I had been 
largely accomplished, their economic rehabilitation had 
clearly not occurred, and post-relocation asset-ownership 
and income levels had fallen sharply. This compelled a 
more detailed investigation of the economic impact that 
displacement induces, and of whether financial and 
organizational support to the displaced ought to be 
structured differently duri'ng Phase II of UKP. 

The resulting policy for Phase II is indeed very 
differently framed, and will attempt afresh the economic 
rehabilitation of those families displaced during Phase 
I, besides the resettlement and rehabilitation of those 
who will be displaced during Phase II. As a point of 
departure, all families affected are grouped according to 
their expected land-holding status after land loss. 
Currently, all displaced families are categorized under 
five heads: those who have lost all land; those who 
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retain an uneconomic holding (less than 1.5 hectares) 
after land loss; those who retain an economic holding 
after land loss; landless families; and those who have 
lost their houses but not farmlands. 

Just prior to the commencement of Phase II, a Pilot 
Project for R&R was implemented, and began in 
March 1988. It was to cover families displaced from six 
villages already submerged under the Narayanpur 
reservoir, where relocation to Resettlement Centres had 
occurred in 1980. The Pilot Project was expected to test 
the suitability of R&R policy being restructured for 
Phase II and the preparedness of the project authorities 
in implementing it, while also revealing constraints and 
weaknesses. R&R reliefs were to be provided as follows: 

Families who had lost all lands were to be given 
adequate monetary assistance (as a grant) for purchase 
of at least 1.5 hectares of irrigated land (or equivalent 
dry land, estimated at 3 hectares), the monetary support 
for which would extend up to Rs 30,000. 

Families who retained an uneconomic holdmg after 
land loss were entitled to a grant of up to Rs 10,000, 
which was expected to fully cover the financing of a 
suitable income-generating scheme, and were also 
entitled to a draw-down cultivation facility on a long¬ 
term lease basis on the lands acquired from them as 
they became available for cultivation seasonally. 

Families who retained an economic holding after 
land loss were entitled to an income-generating scheme, 
with bank finance with a 25% Government subsidy, in 
selected and approved sectors such as animal hus¬ 
bandry, fisheries, poultry, sericulture, irrigation pump¬ 
ing equipment and petty busineSsSes. 

Finally, landless families were entitled to a monetary 
grant of Rs 10,000 towards one of two options: the 
purchase of half a hectare of irrigated land (or 
equivalent dry land), or the acquisition of a suitable 
income-generating scheme. 

In addition, each family had already been paid 
compensation under the Land Acquisition Act for 
farmlands lost, houses submerged or otherwise affected, 
and any other properties surrendered. Each family 
covered by the Pilot Project had already been relocated 
in one of two Resettlement Centres. Thus the objective 
of the Pilot Project was to attempt an economic 
rehabilitation of families who had resettled at the two 
centres eight years earlier in a way that restored their 
pre-submergence real income levels. 

The Pilot Project began in 1988, and a separate 
documentation exists of several aspects of the Project, 
the perceptions of those displaced, and a profile of the 
six villages as they existed prior to submergence®. The 
design and instrumentalities adopted by the Pilot 
Project were chosen with sensitivity to economic and 
managerial characteristics of rehabilitation, and in 
interacting with the families being assisted, several 


issues arose that are more directly rooted in the 
sociology of resettlement. These are discussed below. 

Resettlement anthropology and UKP 

In assessing the importance of sociocultural and 
anthropological variables in an R&R programme where 
a large number of villages are submerged and their 
inhabitants displaced, 1 draw upon several facets of the 
UKP experience: the impact of the resettlement 
programme during Phase I; the insights emerging from 
the Pilot Project implemented during 1988-89, includ¬ 
ing the perceptions of those resettled; and the policy for 
Phase II, which will underpin the R&R efforts in the 
years ahead^. The insights provided by the sociology of 
resettlement are likely to be useful if they can provide 
inputs into the design of an R&R policy rather than 
constituting mere wisdom by hindsight, and it is such 
design inputs that I shall emphasize^®. 

Psychological shock and risk aversion 

Perhaps the most widely documented facet of involun¬ 
tary relocation is the psychological trauma that people 
undergo. In having lost not just houses and lands, but 
also the familiarity of their earlier habitat, the displaced 
are initially in a state of shock, having exchanged 
several centuries of historical continuity for an 
unfamiliar Resettlement Centre. Scudder and Colson'' 
have documented the many forms that such psychologi¬ 
cal stress can take: 'the grieving for a lost home’ 
syndrome; traumatie memories of the actual displace¬ 
ment (often administered at very short notice); for those 
who resettle with success the ‘guilt feelings’ about 
others who have been less successful; and the pervading 
anxieties about the future. Families have to be raised in 
a new environment and productive systems established 
for economic survival. With such acute stress, families 
are initially risk-averse, and yet it is they (and not 
Government administrators) who must take the major 
risks. 

In Phase I of UKP, those whose lands, houses and 
other assets were lost were provided compensation 
under the Land Acquisition Act and encouraged to 
reinvest in alternative farmland. A sample study 
conducted by the project authorities several years later 
revealed that only 13% of compensated families 
invested (wisely) in the purchase of alternative farmland 
Although there could be several reasons for this^^, the 
dispossessed, when acutely stressed, clearly cannot be 
left to their own devices to purchase land. In the UKP 
Pilot Project, the use to which compensation amounts 
were put was examined in greater detail. Out of 387 
families receiving compensation for farmlands lost, only 
79 families (or 20%) reinvested in alternative lands, 105 
families (27%) used the money for liquidating earlier 
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debts, 46 families (12%) used the compensation 
amounts partly for debt liquidation and partly for 
consumption, and a sizeable 157 families (41%) used it 
purely for consumption. Psychologically stressed fami¬ 
lies clearly give priority to immediate consumption, 
followed by debt liquidation. Were they entrepreneuri- 
ally inclined risk-takers, they would invest more 
strongly in land. 

Policy for Phase 11 is more sensitive to these issues, 
and recognizes that economic rehabilitation must be 
conceptually distinguished from physical resettlement, 
requiring different mechanisms of institutional support 
and economic incentives. Nevertheless, the non-land- 
based income-generating scheme is seen as a major 
instrument of economic rehabilitation, and will be loan- 
financed for those who retain an econdmic land holding 
after submergence. Where physical relocation and 
economic rehabilitation will need to be simultaneous, 
as will be necessary when the Almatti reservoir fills up, 
the sanction of several thousand income-generating 
schemes will imply that household businesses financed 
through debt would need to be commercially successful. 
This presupposes strong entrepreneurial instincts and 
discounts inadequately that families may be psychologi¬ 
cally stressed. A choice between land-based and 
income-generating schemes, if offered to all families, 
could help in transcending this problem. 

Memories of the trauma of the actual displacement 
were recalled by several families who were assisted in 
the Pilot Project. Siddapur and Bachihal villages 
constituted a single village panchayat and even as the 
Narayanpur reservoir water level came up to the 
villages, objections intensified and an agitation was 
raised against relocation. The police camped in the 
villages for five days, and two sub-inspectors of police 
(one from Muddebihal and the other from the State 
Reserve Police) and a police van were brought in. The 
utter finality of permanant submersion finally induced 
the relocation of families from these two villages to the 
Veereshnagar Resettlement Centre. 

Physiological shock 

Although there is inadequate documentation of whether 
morbidity and mortality rates increase after involuntary 
relocation, Scudder and Colson argue that ‘there is 
little doubt that relocatees often believe that the elderly 
in particular are apt to die “of a broken heart” 
following removal’. Perceptions of the displaced also 
extend to public health having worsened. 

The most strident demand among families in the 
UKP Pilot Project villages was for more effective 
measures for malaria control. In exchanging a river 
bank for a Resettlement Centre at the edge of the 
reservoir spread, malaria becomes the most dominant 
cause of ill health, and efforts at curbing malaria in the 
vicinity of the Narayanpur reservoir have had very 
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marginal impact. Further, malaria eradication is not 
seen as part of the R&R effort, and health personnel 
continue to report to irrigation engineers in charge of 
civil construction, rather than work within the R&R 
administration. 

Despite the Resettlement Centres being provided 
with borewells, there was also a widespread consensus 
among the Pilot Project families that the availability of 
drinking water had worsened. Earlier, drinking water 
was liberally available from the river and from open 
wells nearby, whereas borewell water is now inade¬ 
quate. These perceptions, too, can only be countered 
through a finer calibration of water requirements, 
measured not in terms of the number of borewells 
drilled but in terms of per capita water availability. 
Earlier R&R efforts have thereby probably underinves¬ 
ted in drinking water supply. 

Sociocultural shock 

The submergence of an entire village dislocates kinship 
support and the community network, and dismantles 
historical associations, religious symbols and myths. 
These can never be recreated, and disruption in the 
community network can affect leadership patterns and 
inter-family dependencies. But can a recognition of this 
alter the way in which R&R policy is designed? 
Scudder^ ^ reports that in the resettled areas, the 
displaced benefit by having ‘neighbours from familiar 
and relatively similar class or caste and religious or 
ethnic backgrounds’, and that sociocultural stress is 
also contained by families ‘changing to familiar 
production techniques, customs, and associates during 
the initial years’. Thus R&R policy should strive to 
replicate to the extent possible the neighbourhood 
networks that existed earlier, as well as to resist 
overinnovation in the use of production techniques. 
Romer’s rule, as a metaphor for successful develop¬ 
mental projects, has been discussed earlier. 

Whereas there has been no systematic assessment of 
these issues in UKP in relation to R&R during Phase I, 
certain pointers to the future do emerge. Villages do 
like to retain their identity, but during Phase I this was 
not always recognized. Thus, 36 villages that faced 
submergence were sought to be relocated in 27 
Resettlement Centres, denying small villages the liberty 
to exist independently as distinctive settlements. This is 
often justified in terms of limiting infrastructural costs, 
but ignores the sociocultural identity of each village. 
Consequently, one village, Palgaldinni, with just 54 
families, refused to be relocated, as it was to be merged 
with a much larger village into one Resettlement 
Centre. It would clearly be desirable to avoid such 
sociocultural insensitivity. 

Sentiments suggestive of such sociological depriva¬ 
tion were also apparent in discussion with families 
benefitting from the Pilot Project. Relocation had 
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occurred eight years back, and earlier the villages saw 
no crime, they said, whereas today petty crime occurs 
periodically. Earlier there was no drought (some 
referred to their memories of drought as far back as 
1941), whereas lands are more drought-prone today. 
Such perceptions of the displaced were particularly 
visible as a loss of cultural identity among those who 
lived in Bijjur, the largest of the Pilot Project villages. 
Fairs and jatras, they said, used to be held in the village 
at least four or five times in the year, whereas now they 
hold them just once. 

Four stages in an R&R process 

Not all resettlement processes have been historically 
involuntary, nor have they all been accomplished with 
Government assistance. Based on a study of different 
kinds of resettlement, Scudder^^ has proposed a 
conceptual framework that divides each such resettle¬ 
ment process into four (possibly overlapping) stages, 
typically lasting at least a generation. These stages 
include (i) planning, Initial infrastructural development, 
and settler recruitment, (ii) transition, (iii) economic 
and social development, and (iv) handing over and 
incorporation. Scudder argues that every resettlement 
process must pass through all four stages, though the 
order of the third and fourth stages may be reversed. If 
the third stage is bypassed, the community becomes 
increasingly impoverished; if the fourth is bypassed, the 
community’s dependency on the R&R project agency 
remains firm. 

Clearly, intelligent planning for R&R must attempt 
to handle all four stages efficiently, but there has been 
little recognition in planning for UKP that such 
temporally distinct stages exist. In Phase I, the third 
stage was not the explicit concern of the project 
administration, and this was sought to be remedied in 
six villages in the Pilot Project, and will be extended to 
other villages under the Narayanpur reservoir in Phase 
II. Government-sponsored economic rehabilitation will 
encourage a dependency on the project administration, 
and handing over and incorporation will need to 
follow. All this demonstrates that the time schedules for 
R&R cannot be readily pegged to reservoir submersion 
dates guided solely by dam completion deadlines. R&R 
has an autonomy, and a momentum of its own, and 
although it may be speeded up, it cannot be arbitrarily 
telescoped into the time schedules for construction of 
civil engineering works. There is little recognition of 
this in the planning for Phase II. 

Impact on the host population 

When displaced communities are resettled in areas 
where a host population exists and has ownership 
rights, it is important that the impact of relocation on 
the host population be studied, as otherwise excessive 
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pressure on the environment of the host population 
could occur. Cernea^'*' cites an instance of a resettlement 
plan involving three or four displaced villages with a 
combined population of 1500-2000, together with 
6000-8000 head of livestock, being fitted into a host 
village which was already at capacity with 300 people 
and their own livestock. 

Phase I resettlement in UKP relocated families from 
submerged villages into Resettlement Centres, away 
from existing villages. This sought to avoid a direct 
clash with villages not submerged. Indirectly, however, 
the pressure on grazing land for livestock either sets up 
a situation for conflict or else leads to degradation of 
the environment. Livestock grazing pressures will need 
to be more closely assessed in the choice of locations of 
Resettlement Centres during Phase II. 

Families are being rehabilitated, and not individuals 

In all the four stages of an R&R process, it is the 
family, rather than the individual, that is sought to be 
rehabilitated. In emphasizing the importance of kinship 
support, Scudder^^ notes: ‘A common mistake is to 
focus attention on the male farmer as an individual 
rather than as a household head and family member. 
The basic building block of any frontier society is the 
family, however, which is best viewed as a joint decision¬ 
making and production unit. Both spouses ideally 
should be interviewed by settlement authorities prior to 
recruitment, since the reluctance or unsuitability of one 
spouse can have an adverse effect on productivity and 
family stability’. 

In most discussions that R&R personnel conducted 
during the UKP Pilot Project, men were always at the 
forefront as household representatives. Alternative ways 
of reaching out to women need to be explored, and the 
facilitating role of non-Governmental organizations for 
this purpose would need to be developed. 

A complicating factor in the Indian context is joint 
ownership of land as ancestral property. In UKP it was 
common to find several brothers shown as joint owners 
of a single survey number of agricultural land in Land 
Revenue records, and the brothers may or may not live 
in the same household under one roof. Ought they to 
be regarded, for R&R, as one family? The answer to this 
will depend on whether the household or economic 
dependency is the determining criterion, and on 
whether the R&R process is also viewed as an 
instrument for enhancing the asset base of a joint- 
family household. Current policy in UKP defines the 
family in a way that makes economic dependency the 
determining criterion, though in computing the number 
of families displaced, the criterion has not been 
rigorously employed: for landed families, the number of 
units of land lost has been the basis (and thereby joint 
owners of a piece of land would be regarded as just one 
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family); for landless families, independent households 
have been taken to be separate families. 

These inconsistencies arise partly because the family 
concept is not unambiguous, either in law or in terms of 
economic dependency, in a society where most house¬ 
holds do not contain nuclear families. A family is part 
of a local convention on how reciprocal and joint 
relationships between individuals are to be structured, 
and, clearly, this cannot be ensured purely through 
legal prescription. More detailed sociological studies of 
the family as a unit for receiving R&R assistance are 
needed^ 

Seasonal loss of property 

A difficult issue in the design of an R&R policy is the 
manner in which seasonal loss of property through 
submergence should be treated. During Phase 11 of 
UKP, a one-in-ten-year flood zone for the Almatti 
reservoir has been adopted as the basis for defining 
R&R liability in respect of houses. If a house is 
submerged for even a few hours every ten years, the 
house must be acquired and compensation paid, and 
the inhabitants moved elsewhere. 

Although such a legal liability appears fair, it will 
not, however, ensure that inhabitants shift village and 
relocate. In the absence of near-permanent submersion, 
experience in many projects (including the Narayanpur 
reservoir) suggests that inhabitants will not shift. 
Relocation is traumatic, as discussed earlier, psycho¬ 
logically, physiologically and socioculturally. 

Current policy for the Almatti reservoir does not 
adequately recognize this dilemma, possibly on account 
of inadequate sensitivity to the sociological impulses to 
relocation. As I have argued elsewhere, there appear to 
be two objectives sought to be combined in specifying a 
flood zone of seasonal submersion: the demarcation of 
a safety zone within which Government can assume no 
liability for life and property after the Project 
commences; and a zone from which relocation will 
occur if compensation is paid^^. Clearly, the two zones 
need not coincide, though much of the planning for 
UKP Phase II has assumed that they will. Although I 
have argued that special legislation is needed that pays 
compensation for houses conditional on the families 
moving permanently to higher ground in order to 
reconcile the two facets of the flood zone concept (a 
conditionality not currently permissible in the Land 
Acquisition Act), this too may prove ineffectual unless 
such resettlement acquires a voluntary and spontaneous 
dimension and is not perceived as uncompromisingly 
mandatory. 

The sociology of the project administration 

The largest migrants into areas where a large 
developmental project is undertaken are the project 
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administrators, and the sociology of such a project 
management team has been little studied, though it is 
widely perceived as being inimical to the interests of 
those whose lands and houses are submerged. The 
construction of dams and several thousand kilometres 
of the water conveyance network acquires such an over¬ 
riding and unquestionable legitimacy that attempts to 
temper such objectives through a pinpointing of 
unnecessary distress caused is generally unsuccessful. 
Cannot the dam height be lowered a little if several 
villages can thereby escape submersion? Cannot the 
configuration of canals be designed such that most 
farmers who lose lands for canal construction also 
benefit through irrigation on retained lands? The 
engineering bias^'^ implicit in the inadequate consideration 
of these issues further complicates the R&R process. 

Such a bias gets reinforced through the dichotomy in 
the manner in which large irrigation projects are 
administered, with the Irrigation Department entrusted 
with project design and civil engineering construction, 
and the Command Area Development Authority 
(CADA) made responsible for R&R, and with neither 
organization provided superintendence over the other. 
As each organization has different constituency interests, 
the paths of the two diverge readily during project 
implementation, with an uneasy overlap between the 
social engineering objectives of R&R and the engineering 
objectives of dam and canal construction. R&R 
activities inevitably acquire secondary importance, and 
together with the tensions that they generate, lead to 
risk aversion in decision-making among R&R staff 
when liberal policy flexibility, even generosity, are 
instead called for (see Maradi, Nayak and Patil^ for a 
documentation of how such risk aversion is induced, in 
their discussion of the UKP Pilot Project). Unless 
overall project management objectives are more closely 
synchronized, R&R will continue to have the feel of an 
insensitive salvage operation in the perceptions of tho^:? 
displaced. 


1. The sociology of irrigated farming systems is discussed, for 
instance, in Coward, E. W., Technical and social change in 
currently irrigated regions: Rules, roles and rehabilitation’, in Putt¬ 
ing People First: Sociological Variables in Rural Development 
(ed. Cernea, M. M.), Oxford University Press, 1985. 

2. This is admittedly a weak test of robustness. However, if the 
Popper criterion (Popper, K., The Logic of Scientific Discovery, 
Hutchinson, 1959) of falsifiability as providing the demarcation 
between science and non-science is accepted, the non-economic 
social sciences would need to search for other criteria of 
robustness. 

3. Cernea, M. M., ‘Entrance points for sociological knowledge in 
planned rural development’, in Research in Rural Sociology and 
Development, Vol. 3 (ed. Schwarzweller, H.), JAI Press, 1987. 

4. Romer, A. S., Man and the Vertebrates, Vol. 1, 3rd edn. Penguin 
Books, 1960. 

5. Kottak, C. P., ‘When people don’t come first: Some sociological 
lessons from completed projects’, in Putting People First: 
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Sociological Variables in Rural Development (ed. Cernea, M. M.), 
Oxford University Press, 1985. 

6. Through the Karnataka Irrigation Project. See World Bank, 
India: Karnataka Irrigation Project—Project Completion Report, 
December 1988, for an evaluation of the Project as contained in 
its Project Completion Report. 

7. See World Bank, Staff Appraisal Report: India—Upper Krishna 
(Phase II) Irrigation Project, April 1989, which provides compre¬ 
hensive details of Phase II, and of agreements reached during 
negotiations. 

8. Maradi, C. M., Nayak, P. J. and Patil, R. S., Reservoir 
Submergence and Rehabilitation: Six Villages in the Upper Krishna 
Project, working paper, 1989. 

9. The policy for Phase II is contained in a Karnataka Government 
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and Resettlement Action Plan of the State Government of March 
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undergo certain changes in subsequent months. 

10. Tf used only as evaluators, sociological knowledge and 
sociologists arrive late, long after the other experts have made 
their contributions. They seem wise after the fact, and are defined 
as persons who only complain about what others have actually 


done. Their skills are not brought to bear on ongoing social 
action; since the social process has taken place prior to the 
evaluation study, it cannot be improved or redirected in 
retrospect.’ (Cernea, 1987). 

11. Scudder, T. and Colson, E., ‘From welfare to development: A 
conceptual framework for the analysis of dislocated people’, in 
Involuntary Migration and Resettlement (eds. Hansen, A. and 
Oliver-Smith, A.), Westview Press, 1982. 

12. These-reasons are discussed in Nayak, P. J., Rehabilitating the 
Displaced: Policy Options in the Upper Krishna Project, working 
paper, 1989. 

13. Scudder, T., ‘A sociological framework for the analysis of new 
land settlements’, in Putting People First: Sociological Variables in 
Rural Development (ed. Cernea, M. M.), Oxford University Press, 
1985. 

14. Cernea, M. M., ‘Involuntary resettlement and development’. 
Finance and Development, September 1988. 
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and Political Weekly, vol. XXIV, no. 10, 1989. 
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The (Raman) spin-lattice relaxation rate Tf ^ of a para¬ 
magnetic ion in proteins probes the vibrational dynamics 
of these systems. The cross-links between the various 
parts of the polypeptide chain play a crucial role in the 
dynamics. All theoretical attempts to explain the 
temperature dependence of Ty as a consequence of the 
existence of short-range cross-links in the self-avoiding 
walk models of linear polymers have had, at best, very 
limited success. However, using a standard theoretical 
technique, Elber and Karplus computed Ti for several 
proteins within the effective-medium approximation; the 
temperature dependence of Tx was found to be in good 
agreement with the corresponding experimental observa¬ 
tion. 


‘Some of us should venture to embark on a synthesis of facts 
and theories, albeit with second-hand and incomplete 
knowledge of some of them, and at the risk of making fools of 
ourselves. So much for my apology.’ 

“Erwin Schrddinger in What is Life? 

Proteins are polymeric macromolecules with very large 
molecular mass. For example, a molecule of haemo¬ 
globin is much heavier than, say, a water molecule; the 
mass of a water molecule is only 18 daltons whereas 
that of a haemoglobin molecule is 64,650 daltons. A 
water molecule is approximately 4 A in diameter 
whereas the size of a molecule of myoglobin (the muscle 
variety of haemoglobin) is 44 A x 44 A x 25 A. 

All proteins in living organisms are made up of only 
twenty different amino acids. When two amino acids 
combine to form a peptide bond, a molecule of water is 
removed so that the carbon atom of the carboxylic acid 
group on one amino acid is connected directly to the 
nitrogen atom of the amine group on the next amino 
acid. Typically, 100 to 500 amino acids link in this 
manner to form a polypeptide chain of amino-acid 
residues. The order of the amino acid residues along the 
polypeptide chain or chains of a protein is called the 
primary structure of the protein. 

A polypeptide chain forms secondary structures, e.g. 
the so-called a-helix or /?-sheet, in appropriate environ¬ 
ments. Hydrogen bonds, which are weak electrostatic 
chemical bonds, are important in the formation of 
secondary structure. Hydrogen bonds and disulphide 
bridges, which are covalent bonds, contribute to the 
tertiary structure of proteins, in which loops of the 
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polypeptide chain are cross-linked. Hydrogen bonds are 
more relevant for the discussion in this review. A single 
hydrogen bond is very weak compared to the main- 
chain carbon-carbon single bond; it is these weak 
hydrogen bonds that are responsible for the extreme 
flexibility of the protein chains. 

In this review I shall consider the vibrational 
dynamics of only two classes of proteins: (i) haem 
proteins (e.g. myoglobin), and (ii) iron-sulphur proteins 
(e.g. ferredoxin). Haemoglobin and myoglobin play 
crucial roles in the respiratory system of vertebrates; 
haemoglobin acts as the "oxygen carrier’ and myoglobin 
is the ‘oxygen container’^ Ferredoxins are part of 
protein complexes that transfer electrons in photo¬ 
synthesis. 

Theoretical physicist’s model of a linear polymer 

As stated earlier, proteins are polymers formed by the 
chemical bonding of amino acids. For simplicity, let us 
assume that all the monomers—the amino acids—are 
identical. If each monomer binds chemically with just 
two other monomers at its two ends, the resulting 
polymer is called a linear polymer. Strictly speaking, 
proteins are quasilinear polymers because of weak 
cross-links between various parts of the polypeptide 
chain. 

If one is not interested in phenomena that take place 
at the length scales of individual monomers, a linear 
polymer in a d-dimensional space is usually described 
by a serpentine continuous curve c(e) parametrized by 
the contour variable e (Figure la). This is a continuum 
description. In the absence of intermonomer interaction 
the discretized version of this model would look like a 
random walk (RW) on a d-dimensional lattice where 
the orientation of each of the steps of the walk is an 
independent random variable. However, intermonomer 
interaction leads to an effective repulsive core around 
each monomer and, consequently, the chain cannot 
cross itself. This is called the excluded-volume effect^. In 
the corresponding discrete version the excluded-volume 
effect is taken into account by imposing the constraint 
that the random-walker cannot visit a lattice site more 
than once. Such walks are called self-avoiding walks 
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Figure I. a, A continuum nnodel of linear polymers, h, A discrete 
model of linear polymers (a self-avoiding walk). 

(SAW) (Figure \b). Thus SAW is a non-Markovian 
stochastic process whereas RW is Markovian. 

The end-to-end distance R of an Af-step SAW 
depends on the configuration. Very simple arguments 
(the so-called Flory arguments) lead to the following 
relation between the mean-square end-to-end distance 
(R^> and the number of steps N\ 

( 1 ) 

where 

u = 3/(^/4-2) in d dimension id<4) (2) 

in the Flory approximation. The Flory value (2) for v is 
known to be exact in d = 1 and d =2, and very close to 
the most precise numerical estimate in d =3. 

Note that, for RW, v = l/2 for all d. This implies that 
the repulsive self-avoiding constraint leads to "“swelling’ 
of the chain compared to a chain without the self¬ 
avoiding constraint in all d <4. Physically, equations (1) 
and (2) describe a fundamental geometric property of a 
linear polymer, namely the asymptotic dependence of 
the mean-square end-to-end distance on the "molecular 
weight’ N. 

Fractal dimension and walk dimension 

The relation (1) has been used quite extensively in 
literature over the last three decades. However, very 
recently, it has become fashionable to express relations 
(1) and (2) as 

<R2>^iV2M, (3) 

where 

df=i;"^ 


is called the fractal dimension (see Mandelbrot^ for an 
elementary introduction). 

To briefly explain the concepts of fractals and fractal 
dimension: Consider a box containing apples, the total 
mass of the apples being M. Suppose the storage space 
in the box is increased by increasing the length of each 
edge from L to 2L. The box will now carry a mass 8M 
of apples, i.e. 

M[2L) = m{L) = 2^ M{L). 

If the box is d-dimensional, then one would expect 
M(eL) = s"M(Z). 

Setting e=l/L, we have M^L^. However, fractal 
objects are somewhat unconventional, because, for 
fractals, 

M ^ where df < d. 

Usually, fractal dimensionality of a system without 
translational symmetry is a consequence of the dilation 
symmetry; a small part of the system, when magnified, 
looks similar to the original system. When observed 
through a ‘microscope’, if the system looks exactly 
identical to the original one, irrespective of the 
magnification factor, the system is called an exact 
fractal On the other hand, if the original and the 
magnified systems look similar only on the average the 
system is called a statistical fractal. 

In the light of the definition of fractal dimension, 
equation (3) can be interpreted physically as follows: 
On the average, there are N monomers within a volume 
jR^f, where df<d. In the Flory approximation, 

df=(d-f-2)/3 ford<4. (4) 

Model linear polymers are statistical fractals; large 
loops consist of smaller loops, and so on; there are 
loops on all length scales. However, so far as real linear 
polymers are concerned, there is an upper cutoff and a 
lower cutoff of length scales; the system is not a fractal 
outside these cutoffs. 

Next, let us explore the relation between the mean- 
square end-to-end distance of a f-step RW on a fractal. 
Conventionally, this relation is expressed as 

(5) 

where d^ is called the walk dimension. It is worth 
mentioning here that for RWs on Euclidean lattices 
d^ = 2 for all space dimensionalities d. 

ESR relaxation rate of iron in protein chains 

Stapleton et al^ measured the (Raman) spin-lattice 
relaxation rate of iron in several proteins at low 
temperatures; the samples were in the form of frozen 
solutions. In the regimes of temperature relevant for 
these experiments, the relaxation rate l/Tj was argued 
to be (see Appendix A) 
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(l/ri)-r" with w = 3 + 2Z), (6) 

provided the vibrational density of states (VDOS) of the 
proteins is given by 

Q(w)-w^“^ (7) 

It was observed that nc^63 for haem proteins and 
nc^5.61 for ferredoxin. These experimental data imply 
D = 5/3 for haem proteins and D = 4/3 for ferredoxin. 
Since, from (3) and (4), — and 4/3 in d=^2> and 2 

respectively for model linear polymers, it is tempting to 
identify D as the fractal dimension dfof the proteins. In 
other words, the experimental data indicate that 

(i/Ti)- 

However, one may raise a serious objection against 
the identification of D with df, because the secondary 
structure of proteins in frozen solution need not be 
represented by the simple SAW-like Flory model of 
linear polymers. Besides, the Flory expressions (3) and 
(4) are strictly valid for an isolated polymer chain. For 
a convincing identification, the fractal dimension of the 
sample proteins used in the ESR experiments must be 
measured by some other independent experimental 
technique. Such experiments have also been carried out. 
The coordinates of the a-carbons in the polypeptide 
chain can be obtained from the X-ray diffraction data. 
Therefore, the fractal dimension (if of a protein chain can 
be estimated using the definition (3). Following this 
method, Stapleton et al^ and Wagner et al3 demon¬ 
strated that d^c^SjS for all the haem proteins they 
studied, this value is in excellent agreement with the 
corresponding Flory value in d — 3. Similarly, for 
ferredoxin, they observed that ^ff~1.37, very close to 
the Flory value in d = 2. Does this observation imply 
that the cross-links are massless, so that the proteins 
are effectively linear polymers? Or, is the agreement 
between the experimental values of df and the Flory 
values for linear polymers merely accidental? (See 
Stapleton^ for a summary of the experimental results.) 

Since frozen solutions of the proteins were used in 
the ESR experiment one would like to know the effect 
of the solvents on the observed results. Colvin and 
Stapleton^ repeated the ESR experiment with several 
different solvent conditions and demonstrated that the 
number n in relation (6) is weakly solvent-dependent. 

Theoretical interpretation of the experimental 
observation 

The most general theoretical approach to protein 
dynamics, in principle, would be to construct the so- 
called dynamical matrix from the equations of motion 
of the monomers (or amino-acid residues) and, then, to 
compute the distribution of the eigenvalues of this 
matrix. Unfortunately, such direct calculation of Q(w) 
is, in practice, difficult to carry out, because, unlike 


crystalline solids, proteins lack long-range order. Of 
course, some of the techniques developed to compute 
Q(vy) of other disordered systems can be used to 
compute iQ(w) of proteins. Nevertheless, it requires a lot 
of hard work to compute Q{w) for just a single protein 
by such a direct, albeit approximate, method. 

On the other hand, as shown in Appendix B, often 
the VDOS can be computed without diagonalizing the 
dynamical matrix. This approach has been used quite 
successfully to compute the VDOS of fractal objects. In 
this review I shall first discuss these indirect fractal- 
theoretic approaches in detail. Then, after pointing out 
the shortcomings of these approaches, I shall describe 
the approximate method followed in the direct 
approach for computing f2(w). 

A fractal description of the vibrational dynamics of 
proteins 

Motivated by the experimental work of Stapleton et al^ 
Alexander and Orbach® (AO) developed a simple, albeit 
indirect, formalism for calculating the w-dependence of 
Q(w) utilizing the formal similarities between the 
phenomena of vibration and RW (see Appendix B). AO 
showed that (see Appendix C for details) the VDOS of 
fractals is given by 

Q(w)'^ (8) 

where 

ds=^2dfd, (9) 

is called the spectral (or, fracton) dimension. 

Let us now calculate of linear polymers following 
the arguments of AO. Suppose the random-walkers on 
a polymer chain can hop only to the ncarest-neighbours 
along the chain. Then, if N{t) is the number of 
monomers traversed in time t and R{t) is the end-to- 


end Euclidean distance of the walk, 

(10) 
and 

( 11 ) 

Equations (10) and (11) together imply 

( 12 ) 

Comparing equation (12) with the definition (5) of the 
walk dimension d^, we get 

4 = 2rff (13) 

for the AO model of diffusion on linear, polymers. In the 
latter model, therefore, 

^s = 1^4 (14) 

Thus, the AO model predicts 

(i/r,)^r3+2^s (15) 
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which does not agree with the corresponding experi¬ 
mental result (6) because in this model 

Alexander and Orbach® concluded that ‘it is, in fact, 
hard to think of a situation where the vibration 
spectrum of a polymer would be adequately described 
by our free fracton model. They conjectured that the 
solvent plays a dominant role. 

Possible sources of error inadequacies in the fractal 
description of protein dynamics 

(i) The simple mechanism of diffusion only along the 
chain assumed by AO for calculating d^ might be an 
oversimplified physical description of the diffusion 
equations that map onto the equations of vibration of 
the proteins under the transformation which led to 
equation (8). 

(ii) The polymer-solvent interaction, which has been 
ignored in the theoretical analysis above, may play a 
crucial role, as indicated by experiments and as already 
conjectured by AO (see also Yang^). However, to my 
knowledge, so far no attempt has been made to take 
into account the protein-solvent interaction in order to 
explain the ESR data. 

(iii) The approximations made in deriving expression (6) 
for 1 /Ti may not be justifiable; in that case the fact that 
D = df may be an accidental coincidence without any 
underlying physical reason. 

Alternative mechanisms of diffusion on polymer chains; 
Calculation of d^ 

Helman et al}^ suggested that the AO model of diffusion 
on polymer chains is too simple to account for the 
experimental observation. They generalized the AO 
model, taking into account the existence of cross-links. 
One way of incorporating cross-links in this model (note 
that since all the monomers are assumed to be identical 
in the SAW model of polymers this cross-linking 
procedure is not unique) is as follows: those sites on a 
SAW that are not nearest-neighbours along the SAW 
but are nearest-neighbours on the Euclidean lattice can 
be assumed to be connected by massless cross-links 
(Figure 2a), Note that, by construction, such cross-links 
are short-ranged. I shall refer to such short-range cross¬ 
links as ‘bridges’. Diffusion on the polymer chains can 
now be modelled by RWs on SAWs. This phenomenon 
is somewhat similar to the phenomenon of RWs on 
other fractals (see Havlin and Ben-Avraham^^ for a 
review). Helman et al^^ conjectured that if the density of 
such bridges is large enough, a random-walker would 
‘see’ an effectively Euclidean lattice for which dy^ = 2. 
Moreover, since the bridges are assumed to be 
effectively massless, df remains unaffected by the 
existence of such cross-links, and hence one would 
expect ds = df. If this scenario captured the essential 
physics of the problem, theory would have reconciled 

92 



(^) 

Figure 2. a, A self-avoiding walk (solid line) with bridges (dashed 
lines). Random walk on the structure is like Levy flight in one 
dimension where the walker occasionally hops over a long distance. 
b, A one-dimensional lattice (solid line) with occasional long-range 
hops (dashed lines). 

with experimental results. But, as we shall see, Nature 
chose to behave quite differently! 

In order to test the validity of the conjecture of 
Helman et alf^ (the phenomenon of diffusion on SAWs 
with bridges), one must first appreciate the crucial 
differences between RW on SAWs with bridges and that 
without bridges. Consider a typical configuration of a 
segment of a polymer chain (Figure 2a). The sites 
labelled 2 and 5, for example, are not adjacent sites 
along the chain but are certainly nearest-neighbours on 
the square lattice in which the SAW has been embedded. 
The bond between the sites 2 and 5 constitutes a bridge. 
If hops of a random-walker across such bridges are not 
allowed the RW would be effectively one-dimensional, 
just as in the AO model. On the other hand, if hops of 
the random-walker across the bridges are also allowed 
this phenomenon would be somewhat similar to Levy 
flights in one-dimensional space (see Montroll and 
Schlesinger^^ for an introduction to Levy flights). The 
analogy between RWs on SAWs with local bridges and 
one-dimensional Levy flights becomes clear by stretch¬ 
ing a SAW to a straight-line configuration (Figure 2b); 
hops across the bridges in Figure 2 a correspond to 
long-range hops in Figure 2b. This analogy between the 
RWs on SAWs with bridges and Levy flights was first 
pointed out by Chowdhury and Chakrabarti^^. Com¬ 
puter simulation (see Kremer and Binder^"^ for the 
techniques of simulating SAWs) by two independent 
groups (Chowdhury and Chakrabarti^^, Yang et al^^) 
convincingly refuted the conjecture of Helman et al.^^ 
Moreover, despite some earlier claimsthat the RWs 
on SAWs with bridges belong to a new universality 
class, more recent calculations using longer chains 
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strongly suggest that the latter belong to the same 
universality class as that without bridges, i.e. = 2df. 
In other words, contrary to the conjecture of Helman 
et inclusion of bridges in the AO model is 

inadequate to reconcile theory with experiment. Results 
of small-cell real-space renormalization^^’although 
not very reliable, seem to be consistent with the 
computer simulation data. 

Bouchaud and Georges^ ^ made another attempt to 
rescue the fractal approach. They assumed that the 
model considered by, for example, Chowdhury and 
Chakrabarti^^ captures the essential physical aspects of 
the real protein systems but the theoretical treatments 
carried out by the latter authors were erroneous. The 
methodology followed by Bouchaud and Georges^^ is 
quite different from all the earlier ones. Suppose P(l) is 
the probability of a loop of size / joining two monomers 
across a bridge. We know (des Cloijeaux^^, Duplant- 
ier^^) that for large /, 

P(/)-/"^ (/i = 43/16 and 2.18 in d==2 and 

3 respectively). (16) 

As a first approximation, let us suppose that on each 
monomer the walker can choose the size of his jump 
according to the probability distribution P(/). Let s be 
the length of the walk measured along the chain. Then, 

where ds = 2/(iu~l). (17) 

In the next approximation let us take into account the 
fact that the configuration of the polymer is quenched; 
on each monomer the lengths of the possible jumps are 
fixed for a given configuration of the chain, A diffusion 
law of the form means that each bond is crossed 

t/s times (i.e. times) and that s different bonds 

(i.e. different bonds) are probed. Therefore, in the 
second approximation, 

^ (18) 

i=l 

For P(l) ~ we must have 

s^(ri“^s/2)i/2 

(19) 

At this point we demand that the expressions (18) and 
(19) for s must be consistent with each other. Imposing 
this self-consistency condition, we get 

tis = 2(M-l)/(3/i-5). (20) 

Using the known values of ju in rf = 2 and 3, we get 
ds = L19 in d-2 and d^ = \.69 in d = 3 respectively^L 
Note that in this treatment d^ has been expressed in 
terms of a new exponent //, which characterizes the loop 
statistics of linear polymers. Unfortunately, the quantity 
P{1) used by these authors is somewhat different from 
the quantity calculated by des Cloijeaux^^ and hence 


the applicability of the value of /r computed by the 
latter authors to the work of Bouchaud and Georges 
remains questionable. Moreover, although the com¬ 
puted value of d^ is in very good agreement with the 
experimentally observed value of D for haem proteins 
the reason for lower D for ferredoxin remains to be 
explained. 

One may argue that better agreement with experi¬ 
mental data is expected if the range of the cross-links is 
longer than that of the bridges considered so far^"*^. 
However, there is no unique prescription for inserting 
long-range cross-links in the SAW model. 

Finally, it is worth mentioning that the models 
discussed in this section do not take into account the 
interaction of the polymer chains with the solvent. 

Thus I conclude that at this point we are unable to 
find any satisfactory physical mechanism that could 
alter d^y (and d^) so as to reconcile theory with 
experiment without taking into account the effects of 
the solvent. 

Questionable validity of expression (6) for the 
relaxation rate 

So far we have assumed that the experimental data can 
be described quite satisfactorily by the approximate 
expression (6) for l/Ti. Fitting the experimental data 
with this expression we obtained D = rff rather than the 
theoretically expected value jD = dj., thereby getting into 
a puzzling situation. Is it possible that the whole puzzle 
is an artefact of using an incorrect expression for l/T^ 
(Liu^^^)? Liu did not study the vibrational spectrum of 
polymers. He calculated the normal modes of vibration 
of an exact fractal, the Sierpinski gasket. He argued 
that, since the spin-lattice coupling matrix element is 
proportional to the local strain of the magnetic atom, 
l/Ti should also be site-dependent. He pointed out that 
Stapleton et al.^ derived expression (6) assuming the 
spin-lattice coupling matrix elements to be site- 
independent. For the Sierpinski gasket no simple power 
law dependence of the average l/Ti on T was observed 
over the entire temperature range. Liu conjectured that 
these results are consequences of the fact that the fractal 
system under consideration is not translationally 
invariant and, therefore, should be applicable also to the 
proteins. However, the vibrational properties of similar 
fractal structures need not be similar. 

^Gentle warning on fractal fashions’ 

So far I have described attempts to infer the vibrational 
properties of proteins indirectly from the properties of 
RW on such structures by utilizing the formal 
similarities between those two problems, as explained in 
appendices B and C. But, as summarized in the 
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preceding sections, all such indirect approaches of 
estimating the VDOS of proteins have failed. 

KrumhansP^ noted that ‘Orbach and others have 
developed theories of vibrational spe.ctra on fractals, 
proposing that anomalous vibrational-state densities 
occur in frequency regimes determined by the fractal 
structure’. But he warned that ‘the inverse conclusion— 
anomalous vibrational spectra imply fractal structure— 
cannot generally be drawn on either experimental or 
theoretical grounds’. He drew attention to the well- 
known old results for many nonfractal systems to 
emphasize that such anomalous vibrational spectra can 
arise ‘as a result of anisotropy and important 
noncentral forces’. 

Subsequently, John Maddox^'^ wrote: ‘Fractal struc¬ 
tures are understandably one of the captivating fashions 
of our times, . . . But fashions that are too pervasive 
can also be misleading, and require occasional 
correction.. . . J. A. Krumhansl,, . ., in the gentlest 
manner, warns people against the tendency to look for 
fractal explanations everywhere’. 

I have stated in an earlier section that there is 
considerable anisotropy in proteins; hydrogen bonds 
forming the cross-links are much weaker than the 
covalent bonds that form the primary structure. 
Moreover, there are important noncentral forces that 
give rise to the secondary structure^®. The anomalous 
r-dependence of Ti is not necessarily a ‘geometrical 
effect’ of the fractal structure of proteins; it could be 
a ‘dynamical effect’ of the anisotropy of the interactions. 

Direct computation of the VDOS of proteins 

Elber and Karplus^^ computed the VDOS of several 
proteins from the dynamical matrix using the effective- 
medium approximation (EMA). In EMA one replaces 
the random system by an effective ordered medium 
such that the Green’s function for the latter is equal to 
the configuration-averaged Green’s function of the 
original system. 

In the Elber-Karplus model each amino acid has the 
possibility of strong interactions with four neighbours; 
two of the neigfibours are bonded to it along the chain 
whereas bonding with the two other neighbours occurs 
through its hydrogen-bonding groups (e.g. CO and 
NH). If all of these bonds could be formed by each of 
the amino acids the protein would behave as an 
effectively two-dimensional object (df = 2). However, in 
the proteins under consideration all the possible 
connectivity is not saturated; the lower connectivity 
leads to df<2. Now one assumes that the protein may 
be described by an effectively two-dimensional network 
of bonds on the scale of acoustic wavelengths, which is 
the relevant length scale for the Raman ESR experi¬ 
ments. Within this EMA the distribution of the random 
variables is replaced by a single frequency-dependent 
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variable. In the Elber-Karplus model the most 
convenient frequency-dependent variable is the so- 
called Dyson variable, M~^ A„^„ + iiX„~X„ + i)X~\ 
where the subscript labels either the rows or the 
columns. The variables X„ are the Laplace transforms 
of the dihedral angles and the random variables v4„ 
are the force constant matrix elements. 

Implementing this scheme numerically, Elber and 
Karplus^^ computed the VDOS for myoglobin and 
ferredoxin. Then inserting the DOS thus calculated, 
instead of the AO expression, in the expression for l/Tj, 
and integrating over w, they showed that, indeed, l/T^ 
^ j3 -(- 2 D^ where D = 1.6 for myoglobin and D = 1.4 for 
ferredoxin, in good agreement with the corresponding 
experimental values. 

Conclusion 

Let me now answer the question posed in the title of 
this paper. In general, the fractal-theoretic description is 
not complicated. In spite of allegations by a section of 
physicists that such descriptions are ‘beautifully compli¬ 
cated’ these approaches have been quite useful in 
explaining experimentally observed properties of several 
fractals. However, so far as the proteins are concerned, 
we must admit that fractal theories could not explain 
the experimental observations satisfactorily. 

Why does the conjecture of Helman et al}^ fail to 
explain the experimental data for proteins? The density 
of long-range cross-links in the secondary structure of 
the proteins is not as high as assumed by Helman et al 
The fraction of hydrogen bonds involved in long-range 
cross-connection is only 14% in myoglobin and 60% in 
ferredoxin; the relatively lower value in myoglobin is a 
consequence of the formation of a-helix^^. Thus the 
failure of the conjecture of Helman et is a 

consequence of the secondary structure (conformation) 
of the proteins in solution. If this is true, one would 
naturally expect that bridges would be absent in 
denaturated samples so that the experimental data 
should be consistent with the AO prediction, viz. 4^ = 1. 
This, indeed, has been observed in recent experiments^^. 

Chowdhury et al.^^ computed for SAWs with 
bridges, assuming different hopping probabilities along 
the chain and along the bridges. But it was observed 
that = 2df for all the finite ratios of these hopping 
probabilities. Using the definition of and the AO 
expression for f2(w), one would get D = L Does this 
observation contradict the Elber-Karplus theory? Not 
at all, because the underlying physical pictures and 
methodology are quite different. So far as the model of 
Chowdhury et al.^^ is concerned, the result d^-2d{is 
correct. However, the failure of such models to explain 
the ESR data and the success of the Elber-Karplus 
model clearly demonstrate that the anomalous 
temperature-dependence of is a dynamical conse- 
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quence of the distribution of the strength of the 
interaction between the amino-acid residues, rather 
than a geometrical effect. 

There is another interesting and, perhaps, more 
challenging aspect of protein dynamics that we have 
not discussed in this work. Usually, the primary 
structure of proteins folds into a globular, three- 
dimensional form, called the native form. However, the 
conformations of the proteins are not static; these 
conformations transform spontaneously due to thermal 
fluctuations^^. The dynamical effects of the conform¬ 
ational transformations of proteins^ ^ are very similar to 
some of the dynamical properties of a class of magnetic 
systems called spin glasses^"^. The physical reason for 
these similarities and the consequences will be explored 
in detail in a future publication. 

Appendix A 

Calculation of the (Raman) spin-lattice relaxation rate 

In the Raman process the spin relaxes by absorbing one quantum of 
lattice vibration and emitting another. The relaxation rate for the spin 
at the I th site is given by 

+ (A.1) 

where 

Stapleton et alf argued that, assuming w„ - equation (I) can be 
approximated by 

(l/Ti)- J (^2) 

0 

where is the upper cutoff of excitation energy. Further, let us 
assume for the time being that (see appendices B and C for the 
details) 

n(w)~ 

where D should be regarded as an adjustable parameter whose value 
is to be determined by fitting the experimental data with the 
corresponding theoretical expression. So, finally, in the low- 
temperature regime of interest, (A.2) reduces to the form 

(l/ri)~r^2^F3,2oWn (A.3) 

where F is a scaling function of its arguments, T is the temperature, 
and 0 = w^^JikgT is the Debye temperature. In the high-temperature 
limit we have 

F2-.2d{0IT)'- 7^-(2n-i,^ 

whereas in the low-temperature limit we have 

F 3 + 3o(0/ T) -► constant. 

Thus, in the regime of temperature relevant for the Raman ESR 
experiment, the relaxation rate is given by 

(l/rO-'F” where n = 3 + 2Z). (A.4) 

Appendix B 

Relation between the phenomena of vibration and random walk 
Consider the problem of RW on a one-dimensional lattice where the 
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lattice sites are labelled by integers n. The corresponding Master 
equation is given by 

dF„(t)/dr=W^„,„„i(F„_,-FJ+ (B.l) 

where F„(t) is the probability that the particle (i.e. the random- 
walker) is at the site labelled n at time t, and IVij is the rate of 
hopping from the ith site to one of its nearest-neighbours j. Let us 
assume that the transfer rates are independent random 
variables, distributed according to a given probability distribution. 

Next, let us consider the vibrational motion of a one-dimensional 
harmonic chain with unit masses and force constants IFjj, the latter 
being assumed to be independent random variables. The equations of 
motion are 

(d^i>„/d(^)= (B.2) 

where F„ denotes the displacement of the nth site. Note that equation 
(B.2) is formally very similar to (B.l) except for the fact that (B.l) 
involves the first derivative of P„{t) whereas (B.2) involves the second 
derivative. The initial condition for (B.l) is P„(r ==0) = <5„,o» whereas 
for (B.2) we need two initial conditions, viz. F„(t = 0)=^„ o aild 
(dF„^f), = o The Laplace transform of equation (B.2) can be 

obtained by substituting “W by in the Laplace-transformed (B.l). 

It is quite straightforward to show that the ‘density of states’ for the 
RW problem, defined by (B.l), is given by (Alexander et ai^^) 

a(vv')= -U/tcXFoI-vv')). 

In other words, the averaged autocorrelation 

Po(0- J n(w')e“‘"'fdvv', (B.3) 

0 

which, for discrete time steps V, is given by 

00 

P(0,N)~ J fi(w')e-"''^d>v'. (B.4) 

0 

Physically, P(0,/V) is the probability that the random-walker returns 
to the origin after N steps if he was there initially. If P(0, A ) is known 
by some other independent method, then (B.4) can be used to 
compute 0 (w''). 

Appendix C 

Density of vibrational modes of a fractal 

The probability P(0, iV) on a fractal is inversely proportional to the 
total volume V(t) available on the fractal within the diffusion 
distance, i.e. 

P(0,N)~l/K(/V), (Cl) 

where 

V(N)~iR\N)y'*rl^ (C.2) 

and 

<R2(iV)>^Af2/^w, (C.3) 

Therefore, on a fractal, 

P(0,N)-V~<‘^f/‘^«). (C.4) 

Using (C.4) and (B.4) we get 

n(w')dw'-w'*dw', (C.5) 

where 

x = (^f/^w)-l- (C. 6 ) 

In order to get the DOS for vibrational modes of the fractal we must 
replace - w’ by w^. Thus we get (Alexander and Orbach®) 

f 2 (w)dw'^ w^*d(w^)~ dw, 
i.e. 

a(w)~w^s-i, (C7) 
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where 

d, = 2dtld„. (C.8) 

Since, for all i-dimensional Euclidean lattices, d^ = l, d^=d(=d, and 
hence 

a well-known result for ti-dimensional harmonic lattices with 
isotropic interactions. 
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Validity of tests of self-numbers 

R. B. Patel 

Arts, Science and Commerce College, Shahada 425 409, India 

Self-numbers were defined by Kaprekar as numbers M 
having no solutions in iVfor the equation M= 7V+ d(N), 
where rf(iV) is the sum of digits of iV, when represented 
in the decimal scale. In this paper I describe certain tests 
for numbers of the form A* 10" where A and n are natural 
numbers, and examine to what extent the tests remain 
valid. 

Let d[N) denote the sum of the digits of iV, when N is 
represented in the usual decimal scale. If a natural 
number M does not have any solution for the equation 

M = iV + d(iV) 

in natural numbers, then M is said to be a self-number. 
If M = N -h d{N) for some natural number N, then M is 
said to be a generated number and in this case N is 
called the generator of M. Equivalently, N generates M, 
For example 20 is a self-number. The initial self¬ 
numbers are I, 3, 5, 7 and 9. The number 21 is not a 
self-number as 15 generates 21. Some numbers may 
have more than one generator; the number 101 has two 
generators, viz. 91 and 100. 

The concept of self-numbers was introduced by 
Kaprekar^ more than twenty years ago. He described 
many conjectures about self-numbers, among which: If 
a number ends in 00 but does not end in 000, i.e. it is a 
multiple of 100 and not a multiple of 1000, and \^ d[N) 
is 4, 15, 26, 37, then N is a self-number. 

Vaidya^ showed that this conjecture is not valid in 
general by producing counterexamples. But Vaidya also 
conjectured that Kaprekar’s tests for self-numbers are 
true for all natural numbers < 10^^ Joshi^ proved that 
if \0^\N,^0^^N,d(N)~^modU) and 0<N<10^\ 
then Kaprekar’s conjecture is valid. 

In this paper I describe similar tests for self-numbers 
and show to what extent they remain valid. Actually, I 
prove the following: 

Theorem 1: If 0<N<10^\ 10^\N, 

6(modll j, then N is a self-number. 

Theorem 2: If 0<N< 10^\ 10^\N, 10^^ N, d(N) ^ 

8 (mod 11), then N is a self number. 

I describe the proofs of theorems (1) and (2) and 
show that the range of validity for these tests of self¬ 
numbers cannot be extended without imposing an extra 
condition. This I do by producing suitable counter¬ 
examples. 

The method is elementary and the results are 
obtained by considering simple congruence relations 
modulo 11 and deducing contradictions from them. 
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Proof of theorem (1) 

Let N= Y. (1.1) 

1=3 

where 0<a£^9 for i=3 to 12, #0, (.*. d(iV)<83), 

and d(N) = 6(mod 11). 

If possible, let it be generated by 

M=fbrm ( 1 . 2 ) 

i = 0 

where 0< A; <9 and h; 0 for at least one i = 0 to 12. i 

N=-M+d(M) 

= f 6..(10'+ 1). (1.3) 

1=0 

Since lO^iiV, i.e. Ar = 0(mod 10^), 

12 

Y 1001)2 +lOhi 4'fco=0(mod 10‘^) 

Y ^■+100/?2+101)1+ho (1*4) 

i = 0 

Substituting (1.4) in (1.3), we get 

iV = /)i2-10^^ + h,i* 10 ''+ . .. +(h 3 + l) 10\ 

(1.5) 

where ^3 + 1 ^10 for N. 

Hence, from (1.1) and (1.5), 

cii — hi for4</:$12 (1.6) 

and U3 == /73 + 1. 

Using (1.6) in (1.4), we get 

rf(N)+ 101h2+ llhi +2ho= loOl. (1.7) 

Taking congruence modulo 11 on both sides, we get 
/7o + h2^8(mod 11). 

But O^ho + /72^18. 
hQ + h2 = 8> 

=>^2^8 (andho^S). 

From (1.7), 

1001 = rf(A)+ 99^2 + 11 hi + 2(ho + /)2) 

^ 83 + (99 X 8) + 99 + 16 = 990, which is false, 
showing that ho +^2 = 8 is not possible. 

Therefore, solution of (1.1) for equation (1.3) does not 
exist. ThUwS, theorem (1) follows. 

Counterexamples outside the range 0<N< 10^^ 

For a number N, d!(A/) = 6(mod 11) such that 10^|iV, 
10"*^!iV, and if d{N) is at most 83, only then is it a self- 
number. Thus, if rf(iV) = 83, then such number N can be 
placed in at most 13 digits. Hence the range of N in the 
theorem is 0< N < 10^^. Beyond this range the theorem 
does not hold good. To show this I give the following 
counterexamples. Here (a)f, means a repeated k times in 
a row. 

Example 1. Let N =(9)io4000, rf(N) = 94 = 6(mod 11) 
be a fourteen-digit number such that 10^|iV, 10'*’liV. 
But N is not a self-number as it is generated by 
M = (9)io3890. 

Example 2. Let N = 8(9)io7000, rf(N) = 105 = 6(mod 11) 
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be a fifteen-digit number such that 10^\N, AT. But 
N is generated by 8(9)io6880, 

Also, ( 8 ) 5 ( 9 ) 6000 , 40(9)io000 are generated by 
( 8 ) 5 ( 9)58890 and 40 ( 9)98890 respectively. 

The above examples show that theorem (1) is not 
true for numbers >10^^ though they satisfy all other 
given conditions. In other words, I have indirectly 
shown that this theorem cannot be extended further 
without imposing extra conditions. 


Proof of theorem (2) 

Let iV= E ( 2 . 1 ) 

i=4 

where 0<a4<9, 0<<5[;<9, fori = 5tol2 

d{N)^74) and d(JV) = 8(mod II). 
If possible, let it be generated by 

M=Y.brlO\ ( 2 . 2 ) 

i = 0 

where and b;#0 for at least one t=0 to 12. 

.-. N = M + d{M) 

(2.3) 

i = 0 


Since lO'^l iV, i.e. N = 0 (mod 10^), 

Y bi+ lOOObj + lOOba + lObi +bo = 0(mod lO'^). 

i=0 


.-. Y. b..+ 1000b3 + 100*2 + 10bi + bo = 10^ 

1=0 

(2.4) 

Substituting (2.4) in (2.3), we get 

iV = bi2-lO‘- + b,i-10‘‘+ ... +(*4 + 1)10^ (2.5) 
where + 1 # 0 for 10"*' I N. 

Hence, from (2.1) and (2.5), 

ai = hi for5<i<12 (2.6) 

and a^ = b^, +1. 

Again, from (2.4) and (2.6) we get, 

d{N)+ 1001*3 + 101*2 + 11*1 + 2*0 = 10001. 

(2.7) 

*0+ *2 = 8(mod 11). 

Since 0< *o + *2 ^ 18, we must have *0 + *2 = 8 
=t«*o<8 and *2^8. 

From (2.7), 

10001 =d(N) + 1001 *3 + 99*2 + 11 *1 + 2(*o +*2) 

< 74 + 9009 + (99 X 8) + 99 + 16 = 9980, 


which is false. 

Therefore, *0 + *2 = 8 is also not possible, which 
shows that the solution of (2.1) for equation (2.3) does 
not exist. 

This completes the proof of theorem (2). 


Counterexamples outside the range O^N^10^^ 

For a number N, <i(iV) = 8(mod 11) such that 10'''|N, 
lO^I N, and if d(N) is at most 74, only then is it a self¬ 
number. In this case, since d(lV) = 74, N can be placed 


in at most 13 digits. Hence the range of N is the 
theorem is 0<A1< 10^^. Beyond this range, though the 
number satisfies all other conditions, it may not be a 
self-number. To show this I give the following counter¬ 
examples. Here {a\ means a repeated k times in a row. 

Example 1. Let N = (9)8 850000, d{N) = 85 = 8(mod 11) 
be such that 10'''|Ar, 10^1 AT. But N is generated by 
(9)8 849890. 

Example 2. Let N = (9) 10 60000, d(Ar) = 96 = 8(mod 11) 
be such that 10‘'’|Af, 10^1 N. But N is generated by 
(9), 0 59880. 

Example 3. Let N = 6(9)852(0)4, diN) = 85 = 8(mod 11) 
be such that lO'^liV, 10^)' N. But it is generated by 
M = 6 (9)8 519890. 

Thus the above examples show that theorem (2) is 
not true for numbers > 10“, though they satisfy all the 
other given conditions. 

In other words, I have shown that this is the best 
possible range. 


1. Kaprekar, D. R., The Mathematics of the New Self-Numbers, 
Devlali, 1963, p. 19. 

2. Vaidya, A. M. Math. Stud., 1969, 37, 212. 

3. Joshi, V. S., Math. Stud., 1971, 39, 327. 
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Frustrated limit cycle and irregular 
behaviour in a nonlinear pendulum 


G. Ambika and V. M. Nandakumaran’^ 

Department of Physics, Maharaja’s College, Cochin 682 011, India 
■^Department of Physics, Cochin University of Science and 
Technology, Cochin 682 022, India 

We discuss how the presence of frustration brings about 
irregular behaviour in a pendulum with nonlinear 
dissipation. Here frustration arises owing to the 
particular choice of the dissipation. A preliminary 
numerical analysis is presented which indicates the 
transition to chaos at low frequencies of the driving force. 

Frustration is a phenomenon encountered in systems 
with two competing interactions ^ In many physical 
systems such as magnetic systems^, amorphous pack¬ 
ing, random networks and neural systems, frustration 
leads to interesting and novel consequences^. In this 
paper we introduce a system in which the presence of 
frustration precedes the transition to chaotic behaviour. 
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The system wc consider is a nonlinear pendulum 
driven by a sinusoidal force and subjected to a damping 
that depends both on the velocity and the coordinates. 
The onset of chaotic behaviour in such a system has 
been studied recently"^ using Melnikov analysis as well 
as numerical methods. However, it appears that the 
route to chaos in such a system is not clearly 
understood. In this communication we discuss how 
nonlinear dissipation is of crucial significance in the 
origin of frustration and irregular behaviour in this 
system. 

An ordinary pendulum, with the usual type of dissi¬ 
pation in which the dissipative term depends linearly on 
velocity, has been studied extensively^. Such a system is 
described by an equation of motion, 

X = — S'in X — + y4 sin cot. (1) 

This is found to undergo a cascade of period-doubling 
bifurcations, which is generic, occurring in both the 
oscillating and rotating regimes. Chaotic behaviour also 
arises as a result of random transitions between two 
phase-locked states that have become unstable. In this 
system, it is the interplay between the driving force and 
damping term that leads to limit cycles as well as 
phase-locked states, which then undergoes period 
doubling. 

The limit-cycle behaviour is considerably altered 
when we consider a system that is described by the 
equation 

X = — sin X “ gx{x^ — 1) +• /4 sin cot (2) 

It is clear from (2) that the nature of the velocity- 
dependent term is decided by whether |x| > 1 or |x| < 1, x 
changing sign as it crosses the value of unity. This 
change of sign causes qualitatively different asymptotic 
behaviour. As the system evolves in time, whenever |x| 
increases beyond 1, the dissipation due to the second 
term brings the trajectory inwards, decreasing the value 
of X below 1. Then, instead of dissipation, we have a 
growing solution taking the system to values of x above 
1 . For low values of the driving amplitude and 
frequency, the system therefore does not settle down to 
any limit cycle asymptotically but goes over a set of 
trajectories resulting in a band-like limit cycle, which 
we call ‘frustrated limit cycle’. In Figure 1, we illustrate 
this for values of m = 0.4, A = 0.2 and g = 0.2. 

The power spectrum, obtained using the fast Fourier 
transform (FFT) corresponding to these values of co, A 
and g, shows four dominant but broad peaks (Figure 2). 
This is in contrast to the FFT for quasiperiodic motion, 
which gives rise to sharp peaks. The broadening of the 
peaks arises as a result of the band-like nature of the 
limit cycle. As A is increased additional peaks appear in 
the FFT, indicating the presence of more frequencies, 
and at A =0.26 we have ^ chaotic power spectrum 
(Figure 3). We calculated the maximum Lyapunov 
exponent The variation of with A is given in 
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Figure 1. The frustrated limit cycle of the nonlinear jxnHlulurit lot 
CD = 0.4, g = 0.2 and A = 0.2. 



Figure 2. Power spectrum using FEl' corrc-spondinp 
^=0.2 and A-02. 

Table 1. We find that becomes positive at A -0.21. 

None of the general routes to chaos with which wc 
are familiar seems to describe this transition. Increasing 
the value of A increases the frustration in the system, as 
indicated by the presence of additional frequencies in 
FFT and positive Lyapunov exponent. This can finally 
lead to chaotic behaviour before the trajectory e.scapc.s 
from the first potentional well. This type of behaviour i.s 
found to occur in the frequency range O.OK < w < 1. 
When co>\ the frustrated limit cycle exists for small 
values of A. As A is increased, the band .splits up into 
periodic cycles. However, this is not followed in any 
sequence and only isolated periodic bands are observcil. 
For large enough values of A, the system asymptotically 
settles down to a limit cycle with the periodicity of the 
applied force. 

m 
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Figure 3. Power spectra showing that as A is increased additional frequencies appear in the system. In b (A-0,26), the system 
shows chaotic behaviour. 


We feel that the frustration makes the system 
extremely sensitive to changes in the external para¬ 
meters, so that a small change in the control parameter 
can drive the system to the chaotic state. More detailed 
investigations are necessary before one can make 


Table 1. The maximum Lyapunov 
exponent Aniax^or the system when 
(o = 0.4, ff = 0.2, and A is varied. 


A 


0.15 

-2.338065 X 10-^ 

0.2 

-6.341918 X 10'* 

0.21 

5.757624 X 10'* 

0.22 

1.253144 X 10'^ 

0.24 

1.979667 X 10'^ 

0.26 

3.467343 X 10'-’ 

0.28 

3.55532 X 10'^ 

0.3 

4.432041 X 10'^ 


definite predictions regarding the nature of the 
transition to chaos. We are currently investigating this 
and the results will be presented elsewhere. 


1. Toulouse, G., Commun, Phys., 1977, 2, 115. 

2. Toulouse, G., in Springer Lecture Notes in Physics, Springer, 
Berlin, 1983, p, 192. 

3. Anderson, P. W., in III Condensed Matter, (eds. Balian, R., 
Meynard, R. and Toulouse, G.), North-Holland, New York, 1983. 

4. Ambika, G. and Babu Joseph, K., Pramana —7. Phys., 1988, 31, 1. 

5. D'Humieres, D., Beasley, M. R,, Huberman, B. A. and Libhaber, 
A., Phys.Rev., 1982 A26, 3483. 

6. Moon, F. C., Chaotic Vibrations, Wiley, New York, 1987. 

ACKNOWLEDGEMENT. G.A. thanks UGC, New Delhi, for 
supporting the project. 

30 June 1989; revised 19 October 1989 


100 


Decline of fallout on Greenland in 
the last century 

V. N. Nijampurkar and H. B. Clausen* 

Physical Research Laboratory, Navrangpura, Ahmedabad 380 009, 
India 

*Geofysisk Institute, University of Copenhagen, Copenhagen, Denmark 

We have carried out systematic measurements of 
fallout over a period of about 100 years at Dye-3 station 
in Greenland using a precisely dated 77-m deep ice core. 
The core was dated using data on annual cyclic 
variations in artificial radioactivity and elevated 

levels of acidity due to major volcanic eruptions. The 
results indicate that the fallout of has not remained 
constant over the last century and was higher by a factor 
of about two during 188^1920 than in 1920-1975. 
Possible causes for the changes in fallout due to volcanic 
eruptions and nuclear explosions are discussed. If the 
observed trend is valid on a global scale, it raises serious 
doubts about the basic assumption of ^**^Pb geochronology. 

Past records of climatic changes, atmospheric and 
nuclear fallouts, volcanic debris and a wealth of 
other information are preserved systematically in polar 
glaciers and ice sheets. Favourable areas for studying 
such deposition events are the high-latitude regions of 
large ice sheets, such as Greenland in the northern 
hemisphere, which is fed by relatively frequent and 
heavy snowfalls ^ Greenland ice cores are most suitable 
for dating the annual layers of snow deposition using 
very sensitive and past-acidity records^. The 

natural ^^°Pb background in Greenland being low 
compared to that in other locations in the northern 
hemisphere because of its remoteness from natural 
sources, it is easy to observe even small changes in the 
deposition flux of ^^^Pb caused by natural or artificial 
events, such as volcanic eruptions or thermonuclear 
explosions. Analytical study of a well-dated core from 
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Greenland therefore provides systematic undisturbed 
records of atmospheric and nuclear fallouts, volcanic 
debris and wind-borne materials. 

Over the past two decades, ^^^Pb, by virtue of a 
convenient half-life (22.3 yr), has found several applications 
as a chronometer in diverse fields like glaciology^" 
limnology®, oceanography^ and atmospheric sciences 
One of the basic assumptions in ^^^Pb geochronology 
is that deposition flux has remained constant over the 
dating interval. The present work seeks to verify this 
assumption made in dating glaciers by ^^^Pb. Short¬ 
term and long-term variations in natural levels of ^^^Pb 
fallout in the northern hemisphere over the last 100 
years have been investigated and contributions from 
natural and artificial sources are assessed. 

A 77-m deep ice core of 8 cm diameter at Dye-3 
station, South Greenland (65°irN, 43°29'W; 2930 
m.a.s.l), was raised in 1976 during the American-Swiss- 
Danish Greenland ice sheet programme (GISP) using a 
light-weight core drill^. Dye-3 station receives an 
average of 60 cm of ice equivalent as annual precipita¬ 
tion. The complete ice core, which spans over 100 years, 
was stored at ~-25°C at the Geophysical Institute in 
Copenhagen, Denmark. 

The ice core has been dated by analysing <5^®0 (%o) 
and total beta activity (dph per kg ice) using standard 
techniques'’^. Systematic measurements of oxygen- 
isotope ratios in the core demonstrated the typical 
annual variation of (i.e. the consecutive maxima 
and minima corresponding to summer and winter 
precipitations in a year), indicating strong dependence 
of the ratio on atmospheric temperature. The annual 
cyclic variation of <5^®0, combined with fixed points 
from past records of total beta activity, volcanic 
eruptions and acidity records^, provided precise ages 
with depth in the ice core. The error in dating on the 
timescale of -^100 years is less than 1 year. 

The core section used in this study represents the 
period 1886-1975. activity was measured by 

standard procedures^ in several samples taken from the 
core. Measurements of ^^^Bi activity (daughter of 
2 iopb) carried out on yearly samples (0.8-2.2 kg of 
ice) for 1936-1975, whereas for the older samples dating 
back to 1886, successive 5-year accumulations (2.1-4.8 kg 
of ice) were combined to yield better signals. The five- 
year weighted means of observed ^^°Bi activity signals 
ranged from 10 to 52 cph, which are much higher than 
the background ('^3cph). The ^lop^ activities with 
analytical errors less than 10% (similar to those 
observed by Goldberg in Greenland ice^^) enabled us 
to obtain better accuracy in dating the old ice at the 
cost of time resolution. The ^lop^ activity was 
calculated using the net ^^®Bi activity after subtracting 
background and contributions from blanks. 

The results of our measurements are shown in 
Figure 1. The data do not show any significant enhance- 
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Figure 1. a, Five-year means of the annual rate of accumulation at 
Dye-3 (cm of ice equivalent per year) for the period 1886 1975. 
b. Specific activity (dph per kg of icc) in the Dye-3 ice core for 
the period 1886 1975. The horizontal step curve shows 5-year mean 
values. The regression line (solid line) is based on the 5-year means. 
The .slope of this line, based on (V^O chronology, deviates from the 
expected ^*^Pb decay (dotted line); see text. The statistical errors are 
less than the size of the boxes (generally 5%). c. Initial ^'®Pb fallout 
for the period 1886 1975. The step curve represents 5-year means of 
the annual initial ^*®Pb fallout (dph cm"^ yr^*)- The smooth curve 
represents 25-year running means, d. The volcanic impurity concen¬ 
tration index (v.i.c.i) plotted on an arbitrary scale for the period 
1886- 1975. The names of volcanic eruptions, like Katmai, Hekla, etc., 
are shown over the corresponding v.i.c.i. signals. 


ment in ^^®Pb fallout during three decades (1950-80) of 
atmospheric nuclear weapons test series (Figure 1 fc,c). 
The artificial production of ^^°Pb in the atmosphere 
due to nuclear weapons tests has been suggested to be 
comparable to that produced from the decay of ^^^Rn 
emanating from the earth’s crust^^. If this is true, one 
would expect a sharp increase in ^^^Pb fallout, to 
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---10 dph cm"^ yr”^ during 1963-64 from a constant 
natural fallout of - 5 dphcm’"^ yr"^ observed during 
the late ’50s, ’60s and early ’70s. But such a large con¬ 
tribution from nuclear tests is definitely not observed, 
indicating the absence of bomb-produced in 

Greenland precipitation. 

It is also evident from Figure lb that the slope of the 
theoretical decay curve is different from that of the 
regression line drawn on the basis of 5-year means of 
observed specific activities (dph per kg ice) of ^^^Pb 
during the span of ~ 100 years. Based on these 
observations, an apparent half life of 35 years is 
deduced for the observed ^^°Pb decay. The longer 
decay period is a result of variation in the fallout of 
^^®Pb over the past century. 

The step and smooth curves shown in Figure Ic 
represent the 5-year means and 25-year running means 
respectively of initial ^^°Pb fallout. They indicate a 
decreasing trend of initial ^^^Pb fallout during the past 
100 years and that the observed ^^^Pb fallout for the 
period 1920-75 is lower by at least a factor of two 
than that for the period 1885-1920. This decreasing 
trend cannot be explained as being due to a changing 
rate of annual accumulation of the Greenland ice sheet 
as the latter has remained fairly constant (Figure la). 
Sanak et al^ suggested that drastic changes occurred at 
the South Pole either in the accumulation rate of ice or 
in ^^^Pb content of freshly fallen snow in 1920 and 
1954. The present data for Greenland also show 
considerable changes around the same time. This can 
be explained only by higher deposition of ^^^Pb in 
view of the fairly constant accumulation rate of ice 
(Figure la). 

The signatures of the violent volcanic eruptions of 
Katmai (1912), Krakatoa (1883), etc. have been 
identified by increase of acidity in Greenland ice 
cores These volcanoes ejected large amounts of 
volcanic gases, dust and other impurities into the 
atmosphere, which in turn got deposited on Greenland 
ice within a year or two after the eruption^. It is 
therefore interesting to compare the ^^^Pb fallout with 
the volcanic impurity concentration index on the 
same timescale. Such a comparison shows a good 
correlation between ^^^Pb deposition (1880-1920) and 
volcanic activity (Figure Id). This cannot, however, 
explain the observed ^^^Pb fallout trend, which is 
monotonously decreasing. If volcanic eruptions were 
the cause of higher fallout during 1880-1920, then the 
fallout pattern should have shown sharp changes in res¬ 
ponse to the residence time of one year for ^^^Pb 
aerosols in the stratosphere. 

^^^Rn emanation depends primarily on the nature of 
the soil (porosity, grain size, soil moisture, etc.) and 
environmental conditions (temperature, wind pattern, 
etc.). The observed excess of ^^®Pb fallout can be 
partially explained as being due to enhanced ^^^Rn 
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exhalation from land from breaking of virgin soils in 
north-west America. With the presently available data, 
we are unable to offer any definite cause for the 
observed decreasing trend of ^^®Pb fallout over 
Greenland. 

The assumption usually made in geochronological 
studies that ^^^Pb fallout has remained constant over 
the last 100 years does not hold for Greenland. If this 
trend is valid on a global scale, geochronological 
studies based on ^^^Pb would have to be reassessed. 
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Raoellid astragali from the Kalakot zone 
(Subathu Group): evidence for assignment 
to the Artiodactyla 

Asit Jolly and Ashok Sahni 

Centre of Advanced Study in Geology, Panjab University, 
Chandigarh 160 014, India 

Size correspondence as well as in situ association of mor¬ 
phologically distinct artiodactyl astragali and at least 
two genera of the family Raoellidae conclusively prove 
their ordinal assignment. This contention, in the light of 
recent work, has important bearing on studies dealing 
with the evolution and radiation of several mammalian 
orders in the area of the Himalayan Tethys. 

The Raoellidae^ represents a family of primitive 
ungulates that are morphologically distinct from any 
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known form outside the Indian subcontinent. Hence 
they represent essentially endemic forms restricted to 
the early-middle Eocene of northwestern India and 
Pakistan. Different raoellid genera have earlier been 
assigned to Dichobunidae^"^, Choeropotamidae^ 
Helohyidae^"^® and Anthracotheriidae^^ Some genera 
have also been assigned to different orders, including 
Artiodactyla^’"^’^’Condylarthra^ Perissodactyla^^ 
and Proboscidea^^’^"^’^^. Despite detailed descriptions 
in several works, especially subsequent to the early 
1970s, no consensus opinion regarding the taxonomic 
assignment of these forms could be arrived at. Sahni 
et al} first proposed the inclusion of these genera in a 
new artiodactyl family, namely the Raoellidae (six 
genera presently known, viz. Indohyus, Khirtharia^ 
Metkatius, Kunmunella, Pilgrimella and Haqueina). 

Additionally, a perusal of all the literature describing 
forms referable to the Raoellidae from India and 
Pakistan shows that the record and documentation of 
the postcranial material is grossly inadequate and in 
most cases entirely lacking. Most works have been 
restricted to a detailed treatment of only the dental 
elements. Though Sahni et al's^ proposal has generally 
been followed in all subsequent publications, there 
remains a degree of skepticism regarding the ordinal 
assignment of these forms (e.g. J. J. Jaeger, personal 
communication) which is perhaps based on the 
aforementioned lack of documentation of postcranials 
referable to the Raoellidae. 

In 1983 a project was initiated with a view to try and 
work out the palaeoecologic and environmental aspects 
of the middle Eocene Kalakot Zone (Upper Subathu 
Formation) vertebrate faunas, as part of the work of the 
Vertebrate Palaeontology Laboratory, Panjab Uni¬ 
versity, on the Lesser Himalayan Palaeogene verte¬ 
brates^’During field investigations in Rajauri 
district (Jammu and Kashmir), a new fossil locality was 
discovered at Sindkhatuti (23" 14'25" N, 74" 22'32" E, 
Figure 1), where the clay-rich vertebrate-bearing 
lithology allows bulk wet-screening of the matrix. 
The processing of over 800 kg of matrix over four field 
seasons at this locality resulted in the concentration of 
what is presently perhaps the single largest collection of 
Lesser Himalayan middle Eocene vertebrates, including 
mammal, reptile and fish skeletal elements. Moreover, 
the sample included the first serpent (Boinae) known 
from the Palaeogene of India (Jolly and Sahni, under 
preparation) and the first record of the oldest 
artiodactyl (Diacodexis) from India^^. Besides these, 
bulk screening techniques for the first time allowed the 
recovery of several thousand hitherto unknown mamma¬ 
lian postcranial elements. Perhaps the most significant 
among these are a number of artiodactyl astragali 
which show excellent relationship with three raoellid 
genera of comparable body weight extrapolated from 
M/1 crown area (Jolly and Sahni, under preparation). 
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Figure 1. Map of the Kalakot area showing the stratigraphic section 
at the fossil vertebrate locality at Sindkhatuti. a, Shale; b, claystone; c, 
siltstone; d, quartzosc sandstone; XF, vertebrate fossil-bearing levels; 
vertical arrows indicate continuing lithology. 

The tarsal bones described here provide additional and 
conclusive criteria in establishing the taxonomic 
assignment of the Raoellidae as demonstrated below. 

Raoellidae gen. et sp. indet. 

Two complete astragali (VPL/JI()02 and VPL/J10()2A, 
Figure 2) along with at least six fragmentary specimens. 
In anterior view, both proximal and distal trochlea 
developed as pulleys of almost equal width. Distal 
trochlea exhibits slight medial rotation. Tibial trochlea 
strongly curved with a deep vertical groove. Strong U- 
shaped incurvation present laterally between proximal 
and distal trochlea. F^rominent ridge on distal trochlea 
separates facets corresponding to the navicular and 
cuboid. Distal calcaneal facet protrudes laterally. 
Lateral, proximal edge of cuboid (fourth tarsal) facet 
directed downwards and curved laterally. In pos¬ 
terior view, sustentacular facet slightly convex. Parti¬ 
cularly strong ridge on medial side. Proximal, distal (i.e. 
distal stop facet for sustentacular facet of the calcaneus) 
and medial side of sustentacular facet strongly excavated. 
Cuboid stop facet bound proximally by a groove. 
Navicular stop facet not well defined. In medial view, 
posterior border of the tibial trochlea weak and tibial 
stop facet merged. In lateral view, border of susten¬ 
tacular facet laterally bound by a strong ridge. 
Sustentacular and cuboid facets have an interrupted 
contact. Distal calcaneal facet rounded on anterior side 
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Figure 2. Raoellid astragali from the Kalakot Zone at Sindkhatuti. 
a-c, Left astragalus (VPL/J 1002) lateral, anterior and posterior 
views, d-f, Left astragalus (VPL/J 1002A) posterior, anterior and 
lateral views (specimen somewhat compressed laterally). 

and proximal calcaneal facet extends to the extremity of 
the trochlea. The preceding morphological description 
of the astragalus is based on terminology used in 
Hussain et al}^ 

The gross morphology of the present specimens is 
somewhat similar to those reported earlier from the 
Eocene of Pakistan; for instance, an astragalus 
(BMNH.M 15800)^ referred to Khirtharia dayi and a 


specimen (UM 65871)^ from the Kuldana Formation 
referred to Haqueina. In a recent work^^, a much larger 
(though morphologically similar) specimen has been 
described as Artiodactyla indet. for lack of size 
correspondence with known raoellid genera. 

The indices of M/2 width/distal astragalar width and 
M/2 width/proximal astragalar width for the present 
astragali (using molar widths for known raoellids, viz. 
Haqueina haquei, Kunmunella kalakotensis and Khir¬ 
tharia injlatus) show excellent comparison with such 
indices measured in the recent Pecari angulatus (UM R 
1626)^^ as well as those determined from dimensions 
given for BMNH.M 15800*^. Table 1 gives these indices 
calculated for each of the three raoellids mentioned 
above along with those for the Pakistan material. No 
generic assignment has been attempted for the present 
astragali because, firstly, as demonstrated they show 
good size correspondence with three different genera, 
and secondly, the material is not derived from 
articulated skeletons. However, in situ association of the 
astragali with size-comparable raoellid genera dispels 
any doubt regarding their assignment to the family 
Raoellidae. 

In conclusion, the various genera comprising the 
family Raoellidae can safely be assigned to the order 
Artiodactyla and their astragali have all the morpho¬ 
logical features generalized for artiodactyls. Though not 
corroborated, it is further felt that the larger astragalar 
fragments from Pakistan^^ may correspond to forms 
like Pilgrlmella or Indohyus major^^. Additionally, 
besides representing material that has not been 
previously described from any of the Indian Eocene 
localities, the astragali described above also represent 
the first detailed descriptive account of any raoellid 
postcranial remains from the Kalakot zone. 

The present find suggests that the Raoellidae are in 
fact artiodactyls. If this contention is considered with 
the earlier record of Diacodexis pakistanensis^^, which is 


Table 1. Indices of M/2 width/distal and proximal astragalar width. 



VPL/J 

1001 

VPL/J 

1002 

BMNH.M. 

15800 

UM.R. 

1626 

GSP-UM 

1413 

M/2 width/distal 

0.72 

0.85 

0.82 

0.77 

— 

astragalar width 

{Haqueina haquei) 

(K. dayi) 

(F. angulatus) 



0.71 

0.84 

— 

— 

— 


{Kunmunella kalakotensis) 





0.72 

0.85 

— 

— 

— 


(Khirtharia inflatus) 




M/2 width/proximal 

— 

0.74 

_ 

0.86 

0.61 

astragalar width 

{B. haquei) 


(F. angulatus) 

(Indohyus major) 


— 

0.73 

— 

— 

— 


{Kunmunella kalakotensis) 





— 

0.74 

— 

— 

_ 


{Khirtharia inflatus) 





Average M/2 widths based on several teeth were taken for determining indices in case of VPL/J 1001 and VPL/J 
1002. Indices significantly closer to those observed in the recent P. angulatus (UMR 1626) were achieved when 
specific teeth were used. Parentheses indicate species from which tooth dimensions were used. Catalogue numbers 
indicate those for the astragalar fragments. 
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ancestral to all artiodactyls, it becomes evident that the 
centre of origin for this order may lie in the region of 
the Tethyan Himalaya. Some of the larger raoellids, like 
Pilgrimella, Lammidhania, etc., are considered close to 
the Sirenian-Moerithere (Proboscidea) lineages. Conse¬ 
quently this suggestion would imply that the Himalayan 
Tethys was a centre of origin and radiation for not only 
the Artiodactyla, but also for other mammalian orders 
like the Sirenia, Proboscidea, Desmostyla and Cetacea. 
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Anorthosite dyke from the Pasupugallu 
gabbro piuton, Prakasam district, Andhra 
Pradesh, India 

C. Leelanandam and Y. Jyothender Reddy* 

Department of Geology, Osmania University, Hyderabad 500 007, 
India 

* Present address: Oil and Natural Gas Commission, Bombay Region 
Business Centre, Bombay 400 051, India 

The rare anorthosite dyke from the Pasupugallu gabbro- 
anorthosite piuton contains 91% (by vol.) plagioclase 

CURRENT SCIENCE, VOL. 59, NO. 2, 25 JANUARY 1990 


(Artse), 5% hornblende, 2% biotite, 1% opaques and 
traces of calcite, apatite, zircon and corundum. It is 
relatively enriched in Si 02 , AI 2 O 3 and Na 20 , and 
depleted in CaO, FeO and MgO compared to the 
massive anorthosite; the normative femics of the dyke 
are more iron-rich (and plagioclase more albitk) than 
those of the massive anorthosite. The dyke may represent 
the residual liquid derived from a melt parental to the 
massive anorthosites. 

Rare occurrences of dykes of anorthosites and of 
gabbroic anorthosites described from peninsular India 
include: (i) anorthosite dyke from Nadimidoddi, Andhra 
Pradesh^; (ii) gabbroic anorthosite dyke from Nuggihalli 
schist-belt, Karnataka^’and, (iii) gabbroic anortho¬ 
site dyke from Hunsur, Karnataka"'. This note records 
the occurrence of a minor fine-grained anorthosite dyke 
from the Pasupugallu gabbro(-anorthosite) piuton. 

In the Prakasam district of Andhra Pradesh, both 
basic (gabbro-anorthositic) and alkaline bodies were 
emplaced at the junction zone of the Dharwar group of 
rocks (towards west) and granulite facies rocks (towards 
east). Of the many basic plutons, the oval-shaped 
Pasupugallu (15'M8'N and 79'M8' E) gabbro(-anortho- 
site) pluton'"^’^' dominantly comprises gabbro and 
leucogabbro with subordinate amounts of dark-looking 
massive anorthosite, dykes of dolerite, lamprophyre, 
nepheline syenite^, quartz syenite and rare anorthosite 
dyke. The piuton is enveloped by the quartzo-felspathic 
gneisses (± cordierite) with intercalated amphibolites. 

The Pasupugallu anorthosite dyke occurs as a sharply 
bounded planar body which measures 100x0.15m 
(Figure 1) and trends N80‘'E. It is located about 
3 km west of the village Turkapalem (15’45'15" N, 
79''50'15" E). The dyke is light-coloured and fine- to 
medium-grained, with average grain size of plagioclase 
ranging from 1 to 2 mm in length (Figure 2), in contrast 
to the massive anorthosites, which are highly coarse¬ 
grained, with average grain size ranging from 4 to 5 mm 
in length (Figure 3). The dyke exhibits alignment of the 
plagioclase crystals parallel to its strike length; it is 
however devoid of any perceptible chilled margins. It 
occurs within the dark-coloured, massive and coarse¬ 
grained leucogabbros which have very crude foliation 
trending NE. 

The rock exhibits, under the microscope, hypidio- 
morphic texture, and is dominated by subhedral plagio¬ 
clase (91% by volume); the accessories include horn¬ 
blende (5%), biotite (2%), opaques (1%) and traces of 
calcite, apatite, zircon and corundum. The dyke is 
characterized by the total absence of olivine and 
clinopyroxene, which are present in the enclosing 
leucogabbros. 

Plagioclase felspar shows twinning commonly on the 
albite law, and rarely on the combined Carlsbad-albite 
law; very rare pericline twinning is also noticed. 
Smooth planar boundaries and triple junctions between 
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Figure 1. Field photograph showing anorthosite dyke in leucogabbro. 



Figure 2. Photomicrograph showing overall texture of anorthosite 
dyke (crossed nicols); note the crude parallel alignment of plagioclase 
crystals. 

the grains are noticed. The mineral rarely shows bent 
twin lamellae; alteration to sericite and feeble zoning 
are common in untwinned plagioclase crystals. The 
plagioclase felspars of the anorthosite dylce do not 
contain any opaque exsolutions. This is probably 
responsible for the light-coloured nature of the rock, in 
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Figure 3. Photomicrograph showing overall texture of massive 
anorthosite (crossed nicols); note the coarse-grained nature. 


contrast to the dark-coloured massive anorthosites 
occurring in the pluton, wherein plagioclases contain 
innumerable minute, rod-like, opaque exsolutions. The 
dyke also has somewhat more albitic (An 56) plagioclase 
than the massive anorthosites/gabbroic anorthosites 
(An 60-64). Similar variations have been observed in An 
contents of the plagioclases in the anorthosite dykes 
and enclosing leuconorites of the Nain Complex, 
Labrador^’ 

Hornblende is pleochroic, from pale green to green, 
with extinction angle of I?"". The mineral mostly occurs 
as small ‘veinlets’ in association with biotite and other 
accessories; uniform distribution of discrete hornblende 
crystals is totally absent in the rock, suggesting that 
1 ate-hydrous’ conditions must have given rise to 
hornblende veinlets. 

Some distinct mineralogical and textural differences 
are observed between the anorthosite dyke and massive 
anorthosite/gabbroic anorthosites. The dyke is light- 
coloured and fine-grained (Figure 2), with plagioclase 
felspars having less distinct twinning, low An content, 
and with relatively more untwinned plagioclase grains 
(some of them are weakly sericitized) compared to 
massive anorthosites. 

The two ferromagnesian minerals coronitic olivine 
and clinopyroxene, which are ubiquitous in the massive 
anorthosites/gabbroic anorthosites, are totally absent in 
the dyke; on the other hand, hornblende, which is 
characteristically absent in the massive anorthosites, is 
the chief mafic mineral in the dyke; also, the amount of 
apatite in the dyke is rather considerable compared to 
that in the massive anorthosites. 

Major element chemistry, normative compositions 
and partial chemical analysis of plagioclase concentrates 
for the anorthosite dyke, along with chemical analysis 
of massive anorthosite from Pasupugallu and average 
analysis of seven anorthosite dykes from the Nain 
Complex (Labrador), are presented in Table 1. The 
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Table 1. Chemical analysis and CIPW norms of anorthosite dykes and massive anorthosite. 



1 

2 

3 


1 

2 

3 

SiOi 

52.50 

50.47 

55.90 

Q 

—. 


1.85 

Ti 02 

0.17 

0.15 

0.60 

Or 

3.89 

2.78 

5.32 





Ab 

39.82 

31.48 

41.80 

AI 2 O 3 

28.65 

28.11 

23.23 

An 

51.15 

58.66 

38.55 


0.38 

0.57 

0.53 

Diop 

_« 


4.20 





r En 

0.30 

0.50 


FeO 

0.72 

1.40 

3.30 

Hy < 



5.93 

MnO 

0.01 

0.03 

0.05 

[ Fs 

0.66 

0.13 






r Fo 

0.07 

2.38 

— 

MgO 

0.17 

1.58 

1.33 

01 1 








1 Fa 

0.10 

1.12 

— 

CaO 

10.30 

11.81 

9.03 

Mt 

0.46 

0.93 

0.77 

Na 20 

4.69 

3.73 

4.94 

11 

0.30 

0.30 

1.40 

K.O 

0.68 

0.45 

0.90 

Ap 



0.44 





C 

1.43 

— 

— 

P 2 O 5 

0.01 

0.01 

0.19 





Total 

98.28 

98.31 

100.00 






Partial chemical analysis 


Anx 100 





of plagioclase concentrates 


-- (norm.) 

An +Ab 

56.22 

65.10 

47.97 





FeO + Fe^Oi, 




CaO 

10.79 

12.42 


(wt %) 0.866 

0.578 

0.625 

Na 20 

5.00 

4.25 


MgO + FeO + FC 2 O 3 




K 2 O 

0.59 

0.48 










Fs % in opx (norm.) 

68.75 

20.64 


Or 

3.49 

2.83 


Fa % in oliv (norm.) 

58.83 

33.89 

..... 

Ab 

42.46 

35.92 






An 

53.56 

61.65 






An X 100 









55.89 

63.18 






Ab +An 









1. Anorthosite dyke from Pasupugallu. 

2. Massive anorthosite from Pasupugallu. 

3. Average of 7 anorthosite dykes from the Nain Complex, Labrador”. 


dyke is relatively enriched in Si 02 , AI 2 O 3 and Na 20 , 
and is depleted in CaO, FeO and MgO, compared to 
massive anorthosite. As the rocks are nearly mono- 
mineralic, CaO, Na 20 and K 2 O contents of the host 
rocks are remarkably similar to those of the constituent 
plagioclase feldspars; hence the normative and chemical 
compositions of plagioclase feldspar are virtually the 
same. Though the dyke is compositionally ‘not distinct’ 
from the massive anorthosite, the normative femics are 
more iron-rich in the dyke (Table 1). 

Occurrence of sills and dykes of anorthosites provides 
direct evidence for the existence of magmas, which 
removes the need to hypothesize large volumes of mafic 
and ultramafic cumulate rocks at depth®. However, the 
presence of chilled margins and fine-grained dyke rocks 
of varied compositions (high-Al and low-Al gabbros^®, 
high-Al norite or troctolite^^ leuconorite or gabbroic 
anorthosite^) indicates the existence of magmas, not 
necessarily completely liquid but already loaded with 
crystals, and also, importantly, not necessarily parental 
to the series^ 

Though the anorthosite dyke from the Pasupugallu 
pluton suggests the existence of a highly felspathic 
magma, it need not be parental to the anorthositic 
rocks of the Pasupugallu. On the other hand it may 


represent the residual (late-stage) liquid derived from a 
melt parental to the massive anorthosites. 
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Effects of citrinin, a mycotoxin, on 
behaviour of cockroach 

S. Chandrashekhar, T. S. Suryanarayanan* and 
V. A. Murthyt 

Departments of Zoology and * Botany, Ramakrishna Mission 

Vivekananda College, Madras 600 004, India 

tDepartment of Zoology, Loyola College, Madras 600 034, India 

Citrinin, a secreted toxin obtained from cultures of JPeni- 
cUIium citrinum Thom, isolated from the pseudoscorpion 
Oratemnus indicusWiih, when injected intracoelomically 
into cockroach, brought about behavioural changes in 
preening, agility, posture, locomotion, ventilation and 
reversal reflex. It also induced tremor and ultimately 
killed the insect. Citrinin brings about these effects by 
acting on the central nervous system of the insect. 

Citrinin is a potent mycotoxin produced by Penicillium 
citrinum, a hyphomycete fungus. It is a nephrotoxin and 
is known to cause kidney damage in moused rat and 
rabbit^, pig^, dog"^ and guinea pig^. However, investi¬ 
gations of the effects of mycotoxins, including citrinin, 
on invertebrates are meagre and have been carried out 
only to study their insecticidal properties'’^. We report 
h^e the effect of citrinin on some behavioural patterns 
of the common cockroach Periplaneta americana. 

P. citrinum isolated from pseudoscorpion® (Oratemnus 
indicus) was grown in liquid Czapek-Dox medium 
(pH 6.5) for 14 days at 30i:2'"C. Citrinin was precipitated 
from the culture filtrate by adding 3 N HCl and 
reducing the pH to 2. The yellow precipitate was 
shaken repeatedly with chloroform to extract all the 
citrinin. The extracts were pooled and evaporated to 
obtain yellow crystals of citrinin. The chemical nature 
and purity of citrinin were confirmed by TLC^ and UV 
absorption data^^. 

A preliminary study showed that a minimum dose of 
5 fxg of citrinin was necessary to bring about behavioural 
changes and death of cockroach. 

Adult cockroaches, each weighing about 1 g, were 
used. Citrinin solution (0.1 ml, containing 5 /ig of 
citrinin in 0.2% Na 2 C 03 ) was injected intracoelomically. 
The injection was given ventro-laterally between the 
2 nd and 3rd thoracic segments using a Hamilton 
microsyringe. Insects injected with 0.1 ml of 0.2% 
Na 2 C 03 solution served as control. Eighteen insects 
were used in each group. The treated and control 
insects were kept separately in rectangular boxes 
(60 X 30 X 15 cm) containing moistened bread as food. 

There was 100% mortality in the group of insects 
treated with citrinin between 40 and 48 h of treatment. 
Dead insects had a characteristic appearance in that the 
body turned black and brittle; legs, antenna, wings and 
palps were disjointed (Figure 1). Before death, treated 
insects showed many behavioural changes, which are 
described below. The control insects behaved normally. 
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Feeding, One of the first behavioural changes observed 
was feed refusal. This was noticed from 2 h after 
treatment till death. 

Agility. Within 2 to 3 h of treatment, the insect 
became listless and remained stationary, and lacked the 
inclination to move about freely. 

Posture. The bearing of the body in cockroach is 
characteristic in that the thorax and abdomen are held 
horizontal to the substratum while the head is held at 
right angles to the body (hypognathous). However, 
within 3 h of citrinin injection, the insect inclined its 
body at an angle of about 45° with the substratum, 
resulting in the trailing of the anal segment (Figure 2). 

Antennal and leg preening. Preening of antennae and 
legs ceased about 3 h after treatment. The infundibular 
and sweeping movements of the antennae were affected 
and the antennae fell flat and trailed on the substratum 
(Figure 3). 

Locomotion. Citrinin affected coordination of leg 
movements. The normal pattern of leg movements 
changed at about 4h after treatment. The relative 
periods of protraction and retraction of legs became 
erratic, suggesting that the toxin affected the promotion 
and remotion of the coxa^\ The hind legs were 
stretched far back fully and remained inflexible during 
movement. This resulted in loss of balance and the 
insect swerved to its side, and in the process turned 
upside down. 

Reversal reflex. Toxin-treated insects turned upside 
down owing to lack of coordination of leg movements. 
Such insects were significantly slow in reattaining 
normal posture. Control insects, however, when turned 
upside down, flipped back to normal posture instantly 
(Table 1). 

Ventilation. The ventilatory activity of the treated 
insect became apparent about 9 h after treatment. 
While treated insects showed rapid abdominal contrac¬ 
tions (10-12) in 20 sec, control insects did not show any 
even after 60 sec. 

Tremor. About 18 h after treatment, the treated insects 
showed trembling of the body followed by irregular 
quiescent periods. 

Studies on the effects of mycotoxins on insects are 
concerned with their insecticidal properties rather than 
the behavioural effects^’ This report appears to be the 
first of mycotoxin-induced behavioural changes in an 
insect. 

We presume that the toxin acts on the nervous 
system. This presumption stems from the fact that 
citrinin inhibited antennal and leg preening—a strong 
reflex response deep-seated in the nervous system 
The abnormal posture of the insect and the delay in 
reversal also indicate that the toxin affected the nervous 
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Figure 1. Citrinin-treated cockroaches showing a, disjointed body parts 48 h after treatment; inclined body posture; c, uncharac¬ 
teristic positioning of antennae. 


system as orientation of the* insect is due to stimulation 
of proprioceptive organs. The lack of agility and 
coordination in leg movements may also be attributed 
to disturbances in the normal functioning of the 
nervous system. The rapid ventilatory activity in treated 


Table 1. Effect of citrinin on reversal mechanism of 
cockroach. 


Time after toxin 
treatment (h) 

Time taken for reversal* 

(sec± SD, n= 18) 

Control 

Toxin-treated 

0 

1.5±0.15 

1.88 ±0.22 

4 

1.5±0.10 

2.7 ±0.29 

6 

1.8db0.18 

7.4 ±1.36 

8 

1.6±0.10 

76.1 ±2.5 


insects and the fact that this activity is controlled by 
ganglions further substantiate our belief Toxins from 
some fungi cause tremors in Gypsy moth and wax 
moths and such toxins are currently used in under¬ 
standing the functions of the central nervous system 
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Root exudate of tobacco {Nicotiana 
tabacum L.) as chemoattractant for 
Azospirillum 

M. Maheswari and D. Purushothaman 

Department of Agricultural Microbiology, Tamil Nadu Agricultural 
University, Coimbatore 641 003, India 

The nitrogen-fixing bacterium Azospirillum occurs in 
fairly large numbers in the rhizosphere of tobacco 
{Nicotians tabBcum L.). Root exudate from axennically 
grown tobacco plants (var. Bagyalakshmi) induced 
positive chemotactic response in Azospirillum brasihnse. 
We suggest that the sugars and amino acids in the root 
exudate serve as chemoattractants to the bacteria. 

It has been well documented that motile bacteria sense 
and respond to changes in the concentration of 
chemicals in the environment and change their 
direction of movement Bacteria swim towards 
chemicals that serve as attractants and move away from 
compounds that are repellants. This behavioural 
response, called chemotaxis, has been studied in detail 
in enteric bacteria like E. coli and Salmonella^. In plant 
root-associated nitrogen-fixing bacteria like Azospirillum, 
chemotaxis plays a significant role. Positive chemotaxis 
has been considered to be an expression of the nutri¬ 
tional requirements of the organism. Recently, Okon 
et demonstrated positive chemotaxis of Azospirillum 
cells towards various carbon compounds. In this 
communication we report the chemotactic response of 
Azospirillum brasilense (ATCC 31459) isolate Sp. 7 and 
tobacco strains of Azospirillum brasilense (A2.Nt.5) to 
root exudates of tobacco {Nicotiana tabacum). 

A popular chewing variety of tobacco, Bagyalakshmi, 
was chosen for the study. Root exudate was collected 
following the method of Lee and Gaskins^. Fifteen-day- 
old tobacco seedlings raised in pots were transferred to 
pre-sterilized 500-ml-capacity wide-mouthed bottles 
containing 100 g of acid-washed sand moistened with 
half-strength Fahraeus solution^. The mouth of the 
bottle was covered with paper to avoid contamination. 
The assembly was left undisturbed for three weeks, in 
about 4 h of sunshine per day; when required, the sand 
was moistened with Fahraeus solution. After three 
weeks the seedlings were gently removed and root 
exudate collected in the sand bed was extracted with 
80Vo cold ethyl alcohol. After condensation, the exudate 
was finally passed through a Seitz filter. 

The root exudate was analysed for total and reducing 
sugars*^, and amino nitrogen®. Qualitative paper 
chromatograhy was used for identification of amino 
acids®. 

Azospirillum brasilense Sp. 7 and Az.Nt.5 were grown 
in 25 ml yeast extract glucose broth for 48 h at 30°C on 
a shaker (110 strokes per minute) and the cells were 
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harvested by centrifugation. Washed cells were sus¬ 
pended in sterile physiological saline and finally 
suspended in 100 ml of chemotactic buffer (pH 7.2), 
which contained 10 mM potassium phosphate, 1 mM 
magnesium chloride and 0.1 mM EDTA in distilled 
water. 

Adler’s capillary tube method and paper disc 
method"^ were used in the chemotaxis assay. Azospirillum 
cells were exposed to the root exudate taken in a 
capillary tube by placing the open end of the tube into 
the glass chamber containing the cell suspension. After 
60 and 120 min of incubation at 30°C, the tubes were 
carefully removed and rinsed with 10 ml of sterile 
buffer. The number of bacteria in the capillary tube was 
determined by serial dilution on yeast extract glucose 
agar. Control tubes contained only the chemotactic 
buffer. 

In the paper disc assay^^ 100 jul of root exudate was 
allowed to be absorbed into a 10 mm sterile filter paper 
disc and the disc was air-dried. Petri plates containing 
yeast extract glucose agar seeded with the two isolates 
of Azospirillum were prepared and the paper discs were 
placed on the surface. The plates were growth examined 
after incubation for growth of bacterial colonies around 
the paper disc. Control discs carried only chemotaxis 
buffer. 

Root exudate of tobacco induced a positive chemo¬ 
tactic response in both isolates of Azospirillum, 
although the response of isolate Az.Nt.5 was greater 
(Table 1). Analysis of the root exudate showed that it 


Table 1. Chemotactic response of Azospirillum towards 
root exudates of tobacco. 




Cell count (10^ ml“*) 

Treatment 

Isolate 

24 h 

48 h 

Sterile buffer 

Sp. 7 

19.0 

24.0 


Az.Nt.5 

12.0 

18.0 

Root exudate 

Sp. 7 

69.0 

92.0 



(263) 

(283) 


Az.Nt.5 

86.0 

148.0 



(616) 

(722) 


Data are mean of three determinations. Figures in 
parentheses are per cent increase over control. 


Table 2. Composition of root exudates of tobacco (var. 
Bagyalakshmi). 

Concentration 


Component {pg ml 

Total soluble sugars* 186.0 

Reducing sugars* 2.8 

Amino nitrogenf 86.6 

Amino acids 


(qualitative determination) 

Aspartic acid, arginine, alanine, 
cystine, histidine, threonine, tyro¬ 
sine, tryptophan, phenylalanine 
and leucine. 

*In glucose equivalents, 
tin glutamic acid equivalents. 
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was fairly rich in amino nitrogen and soluble sugars 
(Table 2). Chromatographic analysis indicated the 
presence of several amino acids. Barak et al}^ 
demonstrated a positive response of A. brasilense 
towards several organic acids, sugars and amino acids. 
In recent years even strain-specific chemotaxis has been 
demonstrated in Azospirillum^^. Maize and kallar grass 
(C4 plants) isolates of Azospirillum showed more 
chemotactic response to malic acid while isolates from 
C3 plants were attracted by amino acids and sugars. 

The results indicate that root secretions of tobacco 
can not only serve as a source of energy for micro¬ 
organisms but, perhaps more importantly, attract the 
diazotrophic bacterium Azospirillum. At present we do 
not know the chemotactic behaviour of the other three 
species of A?:ospirillum, A. lipoferum.A. serapedica and 
A. amazonense. 
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Accumulation of choline and 
glycinebetaine in salt-stressed wheat 
seedlings 

R. Krishnamurthy and K. A. Bhagwat 

Department of Botany, Faculty of Science, M.S. University of 
Baroda, Baroda 390 002, India 

Choline and glycinebetaine accumulation in 16-day-oId 
salt-resistant wheat cv. Sonalica grown in medium 
containing 0 to 200 mM NaCI increased with increasing 
salinity in both shoots and roots. Per cent increase in 
accumulation was linearly correlated with salinity. The 
results are consistent with the hypothesis that choline and 
glycinebetaine are compatible cytoplasmic solutes involved 
in osmotic adjustment to salinity stress. We discuss the 
physiological significance of these quaternary ammonium 
compounds. 

Aliphatic quaternary ammonium compounds, in parti¬ 
cular glycinebetaine and choline, are found in a large 


number of plants, although their concentrations vary 
widely in different species ^ in different organs^ and 
with age of the plant^. Glycinebetaine concentration 
usually exceeds that of choline and may even form a 
large percentage of the total plant nitrogen. Yet, the 
physiological function of quaternary ammonium com¬ 
pounds has received scanty attention. It has been 
suggested that these compounds may act as a major 
cytoplasmic osmoticum under conditions of low intra¬ 
cellular osmotic potential'*’. In previous reports, we have 
examined the relationship between salt tolerance and 
the endogenous concentration of glycinebetaine and 
total quaternary ammonium compounds in shoot and 
root systems during different stages of growth in rice'^’^. 
We have found that the salt-tolerant cultivars of rice 
are highly efficient in maintaining high levels of 
glycinebetaine and total quaternary ammonium com¬ 
pounds than the salt-sensitive cultivars. In view of the 
findings concerning cellular and physiological processes 
involving glycinebetaine and choline that underlie salt 
tolerance of rice'"^’^, wheatand other plants\ we did 
experiments to find the relationship, if any, between 
salinity levels of growth medium and concentrations of 
choline and glycinebetaine in shoots and roots of 
seedlings of a salt-resistant wheat cultivar, Sonalika. 

Seeds of wheat (Triticurn aestivum L.) cv. Sonalika 
(salt-resistant) were obtained from the Gujarat Agricul¬ 
tural University, Vijapur. Seeds of uniform size were 
surface-sterilized with 0.1% mercuric chloride for three 
minutes, and washed thoroughly with distilled water 
and blotted dry. These seeds were transferred to 
sterilized petri dishes containing Whatman No. 1 filter 
paper circles moistened with distilled water. The seeds 
were kept for germination for 5 days. Six-day-old 
seedlings were supplied unaerated nutrient solution^ 
containing 0.025, 0.050, 0.075, 0.100, 0.125, 0.150, 0.175 
or 0.200 M NaCl. NaCl was omitted from control 
nutrient solution. The nutrient solution was renewed 
twice a week. All plants were grown under conditions of 
16 h light (with six 100 W incandescent lamps) and 8 h 
dark at 26±:1''C Shoots and roots were harvested 16 
days after germination for estimation of choline and 
glycinebetaine. Choline and glycinebetaine were deter¬ 
mined by the periodide-dichloroethane method^, with 
modifications in the preparation of periodide reagent^. 
The data were statistically analysed for linear correla¬ 
tion^^. 

Figure 1 shows that choline and glycinebetaine 
increased with increasing level of NaCl salinity in both 
shoots and roots. Even though choline and glycinebetaine 
are synthesized from the same precursor ethanolamine^^ 
choline content of shoots and roots always exceeded 
glycinebetaine at all levels of salt treatment (Figure la, 
b). Per cent increase in accumulation of these two 
compounds in both shoot and root were correlated 
linearly (r=0.945 to 0.998) with salinity of growth 
medium (Figure 2). 
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Figure 1. Choline (a) and glycinebetaine {b) accumulation in shoots 
and roots of wheat at different salinity levels of growth medium. 



Figure 2. Linear relationship between accumulation of choline and 
glycinebetaine in shoots and roots of wheat seedlings and salinity of 
growth medium. SC, Shoot choline; RC, root choline; SGB, shoot 
glycinebetaine; RGB, root glycinebetaine. Figures in parentheses are t 
values. 

It hkb been suggested that ethanolamine gets 
methylated thrice to produce choline^ ^ The choline is 


further oxidized to glycinebetaine. There is a view that, 
once formed, glycinebetaine constitutes an inert end- 
product that is not further metabolized by the plant^^ 
Although a precise physiological or adaptive role has 
not been assigned to choline and glycinebetaine, it is 
believed that these quaternary ammonium compounds 
may function as an organic nontoxic cytoplasmic 
osmoticum"^, associated with salt resistance^protection 
of enzymes against electrolyte inhibitions^, and in¬ 
creased membrane stability thus representing an 
important adaptation of plants to water shortages 
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Increased acetylcholinesterase activity in 
aestivating snail Tracbia vittata 
(Muller) 

J. P. Arockiam 

School of Biological Sciences, Madurai Kamaraj University, 

Madurai 625 021, India 

Present address: Department of Zoology, St. Xavier’s College, 
Palayamkottai 627 002, India 

Acetylcholinesterase activity was significantly higher in 
nervous tissue, mantle fold and foot muscle of aestivating 
snails than in tissues of normal, active snails. Protein 
content of these tissues was decreased in aestivating 
snails. Increased acetylcholinesterase activity in some 
tissues may be a requirement in aestivation physiology. 

Acetylcholinesterase (EC 3.1.1.7) hydrolyses acetyl¬ 
choline and is found in all classes of animals 
Acetylcholine, a well-known neurotransmitter, brings 
about diverse physiological functions in different 
tissues'*’’^. When it acts through a muscarinic cholinergic 
receptor, the pbosphoinositide messenger system is 
stimulated^ Muscarinic cholinergic stimulation, 
depending on the tissue involved, regulates diverse 
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functions such as neurotransmission, muscle contraction, 
glycogen metabolism, secretion and permeability 
changes^"®. Neuromuscular activity is altered during 
aestivation in snails. I determined acetylcholinesterase 
activity in nervous tissue, foot muscle and mantle fold 
of aestivating and normal snail to get some information 
about aestivation physiology. 

Terrestrial snails, Trachia vittata, were collected from 
their habitats in Madurai and divided into 2 groups. 
One group was maintained in a special device^ 
designed to maintain them active under laboratory 
conditions and the other was allowed to aestivate inside 
an aestivation chamber for one year^. The snails were 
removed carefully from the shell using a bone cutter, 
and nervous tissue, mantle fold and foot muscle were 
quickly excised and weighed. Each tissue was homo¬ 
genized at O-A^'C in 0.1 M phosphate buffer, pH 8.4. 
Acetylcholinesterase activity was assayed in the crude 
homogenate as described by Ellman et al}^ with the 
following optimum conditions; 0.075 M acetylcholine 
iodide (substrate), 0.1 M phosphate buffer, pH 8, and 
7 min incubation at 37°C. Absorbance at 415 nm was 
recorded in a Perkin-Elmer 402 spectrophotometer. 
Protein was estimated according to the method of 
Lowry et al}^ 

Acetylcholinesterase activity was higher by 112, 101 
and 45% in nervous tissue, mantle fold and foot muscle 
respectively in one-year-aestivated snails compared to 
that in normal, active snails (Table 1). In contrast, 
protein content was decreased in all three tissues in 
aestivating snails (by 24, 23 and 10%). 

A decrease in acetylcholinesterase activity was 
reported in the nervous system of Pila globosa during 
aestivation^^. However, enzyme activity was shown to 
be increased in non-nervous tissuesIn the present 
study, acetylcholinesterase activity was increased in 
both nervous and non-nervous tissues during aestiva¬ 
tion. Furthermore, in the body wall tissue of aestivating 
earthworm, appearance of an additional isozyme of 
acetylcholinesterase has been observed^Therefore 


Table 1. Acetylcholinesterase activity and protein content of tissues 
of active and aestivating snails. 



Nerve 

Mantle 

Foot muscle 


Acetylcholinesterase activity (nmol 
min“^ mg“' protein) 

Normal snail 
Aestivating snail 

39.7 i 7 

84.1 ±11 

P< 0.001 
(112) 

18.7 ±6 

36.6 ±5 

P< 0.001 
(101) 

25.5 ±6 

37.0 ±4 
P<0.01 
(45) 


Protein (mg g ^ wet tissue) 

Normal snail 
Aestivating snail 

46.2 ± 4.54 

31.45 ±6.05 
(24) 

94.9 ± 8 

72.9 ±1.06 
(23) 

P< 0.001 

71.6±5.86 
64.43 ±2.5 
(10) 

P<0.05 


Values are meaniSD (n = 6). Figures in parentheses are per cent 
increase or decrease over control. 


increase in activity of this enzyme may be a requirement 
in aestivation physiology. 

The increased acetylcholinesterase activity is likely to 
lower acetylcholine concentration. However, this likeli¬ 
hood remains to be investigated. 

In aestivation, neuronal activities of snails are, in 
general, reduced^ ^ Activity of osmoregulator neurons 
in the CNS is low during aestivation owing to osmotic 
stressIncreased acetylcholinesterase activity in aesti¬ 
vating snails suggests an alteration in acetylcholine- 
mediated neuronal activity. Stimulation of the acetyl¬ 
choline receptor has a crucial role in the control of ion 
transport across cell membranes, particularly in nerve 
and muscle cells^^’^®. Under hyperosmotic conditions, 
probably, a change in the translocation of ions across 
plasma membranes is a likely adaptation. 

Acetylcholine is known to induce secretion by 
activating muscarinic cholinergic receptor in rat parotid 
glands'^, avian salt glands'^, etc. Acetylcholine probably 
has a role in the secretory process in the mantle in 
molluscs. This remains to be studied. However, the 
increase of enzyme activity in foot muscle and mantle of 
aestivating snails suggests a role for the enzyme in foot 
muscle and mantle in aestivation physiology. 
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Changes in brain acetylcholinesterase 
activity in thermal acclimation in frog, 
Rana tigrina 

B. B. Sharma and P. V. Pradhan 

Department of Biological Sciences, R. J. College, Bombay 400086, 
India 

The behaviour of brain membrane-bound acetylcholine¬ 
sterase of frog {Ram tigrinsi) during thermal acclimation 
was studied. The enzyme from warm-acclimated, cold- 
acciimated and control frogs had the highest affinity for 
substrate at the respective ambient temperature. Enzyme 
from cold-acclimated (IS^'C) animals had overall higher 
while enzyme from warm-acclimated (37°C) animals 
had overall lower compared to enzyme from control 
(28°C) animals. 

PoiKiLOTHERMS havc various strategies of respoding to 
variations in ambient temperature. Biochemical adapt¬ 
ations like enzyme reaction rate compensation, altered 
enzyme-substrate (E-S) affinity, altered protein synthesis, 
etc. have been extensively studied in fishes^ There 
are a few reports on the effect of temperature 
acclimation on enzyme systems in amphibians. The 
effect of temperature on lactate dehydrogenase in 
tissues of Discoglossus pictus pictus was studied by 
D’Costa et al.^ Singh and Singh^ reported variations in 
serum cholinesterase in Rana tigrina during cold 
acclimation. The effects of heat and cold exposures on 
acetylcholinesterase (AChE) activity in brain and spinal 
cord of Rana ridibunda were studied by Hussain et al} 
The present paper deals with the response of brain 
membrane-bound AChE oi Rana tigrina during thermal 
acclimation. 

Male common Indian bullfrogs, R. tigrina, of 
approximately the same size were kept in large glass 
troughs partly filled with dechlorinated water and 
covered with wire mesh. The animals were occasionally 
fed pieces of earthworm and were acclimated to labo¬ 
ratory conditions for one week, after which they were 
divided into three groups of five each. One group were 
maintained at room temperature (28 ± TC), a second at 
15°C in a refrigerator, and the third at 3VC in a 
laboratory incubator for 48 h. After 48 h, the animals 
were decapitated and the brain was immediately 
dissected out and washed with 0.9% NaCl solution 
containing 0.1% EDTA. Membrane-bound AChE was 
extracted by the method of Yarela^ and assayed by the 
method of Ellman et al.^^ The reaction mixture 
consisted of 2.2 ml of 0.1 M potassium phosphate buffer 
(pH 8.5), 0.1 ml of DTNB reagent, 0.1 ml of enzyme 
extract and 0.1 ml of 50 mm acetylthiocholine iodide. 
Absorbance at 412 nm was read on a Beckman spectro¬ 
photometer. Protein was estimated by the method of 
Lowry et 

In order to evaluate the effect of temperature on the 
behaviour of membrane-bound AChE, it is necessary to 
compare the K^-temperature relationships for the 
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Table 1. Values of of brain membrane-bound AChE of control, 
cold-acclimated and warm-acclimated frogs. 


Km (mM of acetylthiocholine iodide) 


Assay 

temp. 

(“Q 

Control 

(28°C) 

Cold-acclimated 

(15X) 

Warm-acclimated 

(37X) 

5 

2.3 ±0.0 

1.28 ±0.1 

0.385 ±0.06 

15 

1.30±0.08 

0.81 ±0.09 

0.425 ±0.03 

22 

0.42 ±0.08 

0.86 ±0.09 

0.180 ±0.04 

28 

0.36 ±0.08 

1.06 ±0.09 

0.204 ±0.03 

37 

0.62 ±0.04 

1.23 ±0.2 

0.158 ±0.05 

50 

1.42±0.08 

2.0 ±0.2 

0.3 ±0.04 


Values are mean ±SE. 


enzyme from cold-acclimated, warm-acclimated and 
control frogs. 

The iCj^-temperature data (Table 1) show the effect 
of assay temperature on the of the enzyme from 
frogs acclimated to different temperatures. A significant 
observation is that the enzyme from each group shows 
the least value of or the highest affinity for 
substrate, at an assay temperature identical with the 
ambient temperature for the group, i.e. the enzyme from 
control (28''C-acclimated) frogs showed highest affinity 
for substrate at 28°C, while enzyme from cold- 
acclimated (15°C) and warm-acclimated (37°C) animals 
showed highest affinity for substrate at 15°C and 37°C 
respectively. A similar observation was reported by 
Baldwin and Hochachka^ for AChE from the brain of 
trout, Salma gairdneri, acclimated to TC and 18°C. 

Another significant feature observed is that the 
enzyme from cold-acclimated animals showed an 
overall higher while the enzyme from warm- 
acclimated animals showed much lower over the 
entire range of temperature studied compared to the 
values for the enzyme from control animals. Such a 
response of an enzyme involved in neuromuscular 
activity is in agreement with the observation that the 
cold-acclimated (IS'^C) animals were far less active and 
the warm-acclimated (37°C) animals more active than 
animals maintained at 28°C. 
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Frontline geological research 


Annual Review of Earth and Planetary 
Sciences 1989. Vol. 17. George W. 
Wetherill, ed. Annual Reviews, Palo 
Alto, USA, 1989, 526 pp. $53. 


In the first article, Prof. Kiyoo Wadati 
reminisces about his interest in deep- 
seated earthquakes (depth >300 km) 
and related phenomena. Deep-seated 
earthquakes are of interest because of 
their close association spatially with 
subduction zones. The mechanism of 
their formation is an outstanding un¬ 
solved problem. Himalayan geologists 
will be interested in the article by Okay 
on Alpine Himalaya Blue Schists. These 
blue schists too are characteristic of 
subduction zones in a high-pressure- 
low-temperature environment and their 
study is expected to throw light on the 
collision history of the Himalaya. 

Another interesting article is that of 
Veizer, who has traced the history of 
strontium isotopes in seawater through 
time. This study has great significance in 
the dating of Cenozoic sediments. We 
are informed that ^‘^Sr/^^Sr values have 
the potential to yield stratigraphic 
resolution of about 1 Myr. The corres¬ 
pondences between geologically assig¬ 
ned ages and strontium isotope ages for 
the last 80 Myr are stated to be 
satisfactory and it is claimed that this 
potential can prove superior to biostra- 
tigraphical zonation and that this new 
tool can be applied advantageously to 
sparsely fossiliferous sequences. 

An interesting study is that of ‘mag¬ 
neto fossils’—biogenic magnetite in sedi¬ 
mentary rocks carrying natural remnant 
magnetism (NRM), which has made it 
possible to have a detailed calibration 
between biostratigraphic and magnetic 
polarity time-scales. The implications of 
this discovery for the understanding of 
early evolution of life are immense. Paul 
McMillan describes the technique and 
instrumentation in respect of the applica¬ 
tion of Raman spectroscopy in mine¬ 
ralogy and geochemistry and discusses 
future directions for Raman and 
Raman-related laser spectroscopy. At 
present Raman spectroscopy is utilized 
in solving problems in physics and 
chemistry but its application to prob¬ 
lems of mineralogy and geochemistry 
is new. McMillan makes reference to 
resonance Raman, hyper-Raman, stimu¬ 


lated Raman and coherent anti-Stokes 
Raman spectroscopy (CARS). 

Those interested in unravelling crustal 
structure will find the article by Mueller 
and Ansorge on the ‘Crustal structure of 
Western Europe’, based on a study of 
numerous seismic profiles, interesting, 
since the region shows the oldest 
Precambrian areas of Fennorandia, the 
Caledonian and Hercynian belts of 
Central Europe and the currently active 
region of the Mediterranean sea. The 
bewildering complexity with its in¬ 
numerable age province and tectonic 
characteristics, compared to the rela¬ 
tively young oceanic crust, is very well 
brought out. 

Diamonds are unique products 
formed at great depth in the earth. 
Recent work has shown them to be 
extremely old. They are the best candi¬ 
dates for ascertaining the character of 
the ancient upper mantle. Ozima, in his 
article ‘Gases in diamonds’, reviews the 
state of our knowledge about the age of 
diamonds and recent results on the 
isotopic composition of helium, neon 
and argon trapped in diamonds. 

R. C. Newton has an important paper 
on ‘Metamorphic fluids in the deep 
crust’. He discusses the key issue of 
episodicity versus secular activity of 
fluids. Citing the example of the South 
Indian granulites he points out that 
major high-temperature recrystallization 
event is characterized by persuasive 
fluid action around 2.5 Myr ago. He 
examines the possible source for the 
fluids and prefers a source in the upper 
mantle. The CO 2 heat advection, ac¬ 
cording to him, was more important in 
the Archaean because of high propor¬ 
tion of ferrous carbonate in subducted 
sediments and faster abduction rates. 
Granulite facies metamorphism is large¬ 
ly the result of mantle-derived volatiles. 

Of interest to palaeontologists is the 
review by David Webb on ‘Faunal 
dynamics of Pleistocene mammals’. Pat¬ 
tern of immigration, evolution and 
extiijiction of mammals in North Ame¬ 
rica, especially during the last 50,000 
years, are analysed. These studies are 
expected to offer a substantial field for 
comparative evolutionary studies that 
bridge the geological and ecological 
scales. 

In the wealth of information in this 
volume are many seeds of future 
research. A matter of regret is the 
comparative lack of interest of earth 


scientists in India in these fields of 
frontline research. In the entire volume, 
I could pick up references to the work 
of only a couple of Indian authors. 
There is greater need for research effort 
on our part and a perusal of this 
volume is expected to furnish the 
necessary impetus for identifying prob¬ 
lems of research. 

B. P. Radhakrishna 
Geological Society of India 
Bangalore 


Reviving Deccan Trap 


Deccan Flood Basalts. Geological Society 
of India Memoir No. 10. K. V.‘ 
Subbarao, ed. Geological Society of 
India, Bangalore, 393 pp. Rs 450. 


Deccan Trap represents a renowned 
flood basalt province of India, which 
formed close to the Cretaceous-Tertiary 
(K-T) boundary. It has been receiving 
intermittent and rather rudimentary 
attention all these years. In such a 
context, the present volume represents a 
great leap forward in interpretive geo¬ 
logy and an important milestone in 
international endeavour. A host of 
British and American scientists have 
collaborated with K. V. Subbarao and 
other Indian scientists to create a new 
understanding of Deccan Trap. This 
volume is among a series of outstanding 
Memoirs of the Geological Society of 
India brought out through the dedi¬ 
cated efforts of B. P. Radhakrishna, the 
editor of the Society’s Journal. Sub¬ 
barao deserves all praise for organizing 
the field workshop and for editing this 
volume. 

The introduction to the volume is a 
summary of the proceedings of the 
workshop by Subbarao. Recent ad¬ 
vancements in Deccan Trap studies, 
with emphasis on causes of eruption 
(Reunion hotspot activity) and geomor- 
phic expression of plateau basalt pro¬ 
vinces, are outlined by K. G. Cox. An 
interesting controversy is whether the 
flood basalts poured out in one or two 
million years (Duncan and Pyle) or four 
to five million years (Courtillot et al, 
Pande et al). This has relevance to 
faunal extinction at the K-T boundary, 
triggered by bolide impacts (?). 

A major breakthrough is the regional 
stratigraphic classification of Deccan 
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basalts into Subgroups and Formations 
based mainly on reconnaissance and 
chemostratigraphy. This has largely 
superceded all earlier attempts at local 
and regional correlation. The reconnais¬ 
sance geological map of Subbarao and 
Hooper will be a valuable source of 
reference, in spite of its oldish get-up. 
Detailed stratigraphic accounts, geo¬ 
chemical data and statistical analysis of 
Deccan basalts are presented in good 
papers. 

Petrogenetic studies have veered 
round to the view of picrites being 
cumulates rather than primitive liquids 
(Beane and Cooper). The melts were 
probably generated at 10-15 kb at 35- 
45 km depths from N-MORB-type 
mantle (Sen). Papers on petrogenesis 
have dealt with the role of mantle 
metasomatism and AFC in the evo¬ 
lution of Deccan basalts. Mineralogy of 
mantle nodules from alkaline basalts, 
zeolites in traps, giant plagioclase 
basalts (GPB) and mafic dyke swarms 


Tell-tale features 


Regional Geophysical Lineaments: Their 
Tectonic and Economic Significance. 

Geological Society of India Memoir 
No. 12. M. N. Qureshy and W. J. Hinze, 
eds. Geological Society of India, Banga¬ 
lore, 1989. 305 pp. 


The scientific importance of regional 
geophysical lineaments was highlighted 
at the Indo-US Workshop on Regional 
Geophysical Lineaments and their Tec¬ 
tonic and Economic Significance (Ban¬ 
galore, 19-27 April, 1987). This volume 
includes the presentations and discus¬ 
sions at the Workshop, and the resolu¬ 
tions and recommendations agreed upon 
by the participants. A rapidly evolving 
technology in the geosciences as the 
specialised, it has been dealing with the 
isolation inhancement, recognition and 
tectonic interpretation of geological 
lineaments in regional geophysical data 
field. 

The generally accepted definition of a 
lineament is that it is a regional-scale 
linear or curvilinear feature, pattern or 
change in pattern that can be identified 
in a date set and attributed to a geologic 
formation or structure. Regional linea¬ 
ments extending over distances of 


have also been covered in good 
measure. 

There are also valuable papers on 
magnetic studies, DSS studies, gravity 
and magnetic studies, and structure of 
the continental margin. In an editorial 
entitled ‘Welcome intensification of in¬ 
terest in Deccan flood basalts’ ( J. Geol 
Soc. India, April 1989), B. P. Radha- 
krishna called for multidisciplinary 
studies on plateau uplift, laterite, bau¬ 
xite and black soil formation, and 
relevant studies to meet human needs 
like soil and groundwater resources, as 
well as utilization of zeolites. The 
present volume addresses most of the 
fundamental problems and signifies a 
major landmark in Deccan Trap 
studies, including advances in chemo¬ 
stratigraphy, petrogenesis and the plate- 
tectonic framework. 

M. Ramakrishnan 
Geological Survey of India 
AMSE Wing 
Bangalore 


hundreds of kilometres have been obser¬ 
ved for many years. The subsurface 
extent of lineaments is highly variable 
but those extending over hundreds of 
kilometres are likely to be related to 
major subsurface structures. In recent 
years interest in lineaments has been 
revived because of the increasing avail¬ 
ability of geophysical maps. Further¬ 
more, interest in lineaments has been 
generated by the evolving concepts' 
dealing with plate tectonics. Now-a- 
days the availability of two-dimensional 
geophysical data in digital form has 
fostered the application of a variety of 
filters employed in the identifying and 
interpreting lineaments. 

Some of the papers, e.g. ‘Lineaments: 
a timely changed of a waning Illusion’ 
(K. Watson, US Geological Service) and 
‘Suture zones’ (E, M. Moores, University 
of California), are thought-provoking, 
and present an overview as well as the 
concepts of suturing related to plate 
tectonics since the formation of crust 
from pre-Archaean times. The contribu¬ 
tions from Indian geoscientists are 
rather broad-based, incorporating the 
available data from the peninsular to 
the extra-peninsular, Himalayan region. 
Qureshy et ai and Thakur have 
attempted to collate the data on mega¬ 
lineament structures in the Himalayan 
region and their geophysical characteri¬ 


stics. An attempt has been made to 
explain more than 2000 km of crustal 
shortening in the post-collisional phase 
exhibited by near-doubling of the crust 
along the thrust structures in the 
Himalaya. The initial collision line is 
conventionally interpreted along the 
Indus-Tsangpo Suture. It has been 
contended that the Himalayan mountain 
chain developed entirely within the 
advancing Indian subcontinent and 
attained its present landscape during the 
last 20 million years. There has also been 
an attempt to correlate the Himalayan 
megalineaments with the Caucasus 
region. The tectono-magmatic history of 
their development and the mineraliza¬ 
tion of economic mineral deposits have 
been studied (A. K. Sinha and A. G. 
Jhingran, Himalayan Geology, vol. 7, 
WIHG, Dehradun). In the paper by 
Burke and Sengor on regional line¬ 
aments and continental evolution, it is 
emphasized that many of the world’s 
most spectacular lineaments mark major 
strike-slip fault zones and some of the 
most prominent of these fields are 
related to continental collisions- Many 
contributors discuss the use of Landsat 
and Magsat data in the interpretation of 
geophysical lineaments. Gravity line¬ 
aments jointly demarcate the tectonic 
boundary. Positive gravity anomaly has 
been found to be in association with rift 
zones and mobile belts whereas negative 
gravity anomalies are seen over regions 
of ensialic anatexis evolving intraconti¬ 
nental subduction, sedimentary basins 
and younger granitic plutons. The line¬ 
ament analysis of the coastal belts of 
peninsular India is a significant contri¬ 
bution from the Oil and Natural Gas 
Commission. A contribution from the 
Geological Society of India presents 
tectonic implications of geophysical 
lineaments. The concluding paper by 
Mabey (Utah Geological and Mineral 
Survey, Salt Lake City, Utah, USA), 
summarizes the significant mineraliza¬ 
tion associated with structures expressed 
in the northeast-trending and gravity 
lineaments in central Idaho. It is also 
reported that geophysical lineaments 
also occur in association with linear 
structures with deformed mineralized 
zones within sedimentary rocks. 

A. K. Sinha 

Wadia Institute of Himalayan 
Geology 
Dehra Dun 
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INS A elects new Fellows 


BAMJI, Mahtab S., National Institute 
of Nutrition, Hyderabad. 



Her early work on vitamin A was 
followed by contributions in (a) bio¬ 
chemical assessment of riboflavin and 
its deficiency in children, (b) involve¬ 
ment of riboflavin and pyridoxine in the 
metabolism of connective tissue protein, 
(c) oral contraceptives and nutritional 
interactions, (d) carnitine status and 
biosynthesis in humans, and (e) gossypol’s 
antifertility effects in male. She has also 
studied the inter-relationship between 
women’s work-load, income and nutri¬ 
tion. 

BANERJEE, Haridas, Saha Institute of 
Nuclear Physics, Calcutta. 



His early studies were on polarization 
effects in processes in quantum electro¬ 
dynamics, on asymptotic behaviour in 
perturbative expansions in relativistic 
quantum field theories and on multi- 
particle production in high energy colli¬ 
sions of hadrons. His current studies 
have shown that the standard arguments 
for the global SU(2) anomaly of chiral 
fermions are untenable. In his latest 
work, he has proposed an option 
alternative to and competing with the 
widely accepted model for realization of 
gauge symmetries and the violation of 
CP symmetries. 

BHATTACHARYA, Samir, Visva- 
Bharati University, Santiniketan. 



He has made significant contributions in 
the field of biochemical endocrinology 
which includes hormonal regulation of 
fish reproduction, thyroid-gonad inter¬ 
action, purification of hormones, deve¬ 
lopment of RIA and RRA of hormones 
and studies on the mechanism of 
hormone action. 

BHAWALKAR, Dilip Devidas, Centre 
for Advanced Technology, Indore. 



He has helped in developing advanced 
laser systems and related diagnostics. 
He has studied the effect of radiation 
losses on temperature scaling laws and 
the proposal of a novel scheme for 
multiple pulse amplification in high 
power lasers. 

DANI, Shrikrishna Gopalrao, Tata Ins¬ 
titute of Fundamental Research, Bombay. 
He has made outstanding contributions 
to ergodic theory and geometry of 
unipotent flows on finite homogeneous 
spaces, with consequences for number 
theory. 

GANGAL, Sudha G., Cancer Research 
Institute, Bombay. 



She has made major contributions in 
cancer immunology particularly cellular 
immunology. Her studies on cytotoxic 
effector mechanism in oral cancer and 
the development of monoclonal anti¬ 
bodies against tumour markers and 
squamous cell carcinoma antigens have 
been acclaimed worldwide. 

JUNJAPPA, Hiriyakkanavar, North- 
Eastern Hill University, Shillong. 



His main research interests involve 
development of new methodologies for 
constructing new and old compounds 
with improved efficiency. An impressive 
synton called a-oxoketenedithioacetals 
has been exploited for developing new 
synthetic methods used in producing a 
number of hetero and carbocyclic com¬ 
pounds of pharmaceutical and indus¬ 
trial importance. 

KENKARE, Umakant Waman, Na¬ 
tional Facility for Animal Tissue and 
Cell Culture, Pune. 



He has made notable contributions to 
structure-function relationship of brain 
hexokinase and the mapping of its 
catalytic and regulatory sites. 

KRISHNAMURTHY, Setharampattu 
Seshaiyer, Indian Institute of Science, 
Bangalore. 
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He has made fundamental contributions 
to non-metal chemistry and organo- 
metallic chemistry of diphosphazane 
ligands. His structural work on cyclo- 
phosphazenes, mechanistic spectral 
studies on co-ordinated phosphorous 
specimen, metal vapour synthesis of 
organometallics and hetero NMR work 
have been well recognized. 


MATHAN, Y. I., Christian Medical 
College, Vellore. 



He has made important contributions in 
the study of diarrhoeal diseases, notably 
in tropical sprue including the epidemio¬ 
logical, metabolic, morphological and 
ultrastructural fields. 

MATHUR, Asha, K. G.’S Medical 
College, Lucknow. 

She has made significant original contri¬ 
butions in the field of immunology and 
immunopathology of Japanese encepha¬ 
litis virus infection and demonstrated 
the transplacental transmission of the 
virus in humans. 


MISHRA, Santosh Kumar, Indian Insti¬ 
tute of Tropical Meteorology, Pune. 



He has made original contributions in 
atmospheric dynamics, particularly re¬ 
lated to the origin of counter electrojet, 
ionospheric ledges and the role of 
gravity waves/winds in generating/ 
modulating electric fields. 


NAG, Kamalaksha, Indian Association 
for the Cultivation of Science, Calcutta. 



He has made important contributions 
to the inorganic chemistry of macrocyc- 
lic compounds. These include structure- 
property correlation in macrocyclic 
complexes, synthetic reactivities and 
structural aspects of transition metal 
chemistry and modelling of active sites 
of some metalloenzymes. 


PAL, Manoj Kumar, Saha Institute of 
Nuclear Physics, Calcutta. 



He has made significant contributions 
in theoretical nuclear physics. 


PARIMALA, Raman, Tata Institute of 
Fundamental Research, Bombay. 



She has made significant contributions 
to the theory of quadratic forms over 
arbitrary commutative rings, and classi¬ 
fication of certain quadratic spaces. 


PRASAD, Rajendra, Indian Agricul¬ 
tural Research Institute, New Delhi. 



He has made major contributions in 
fertilizer research and the use of nitri¬ 
fication inhibitors and slow-release ferti¬ 
lizers for increased efficiency of fertilizer 
nitrogen. He discovered the nitrogen 
regulating properties of neem cake. 


PRASAD, Y. V. R. K., Indian Institute 
of Science, Bangalore. 



He has contributed to our understand¬ 
ing of mechanical processing of materials 
and for the development and successful 
use of irreversible thermodynamic 
models that link continuum mechanics 
and atomistic approaches to the flow of 
materials in net shape-making processes. 


RAGHAVARAO, Ravipati, Physical 
Research Laboratory, Ahmedabad. 



He is well recognized for his contribu¬ 
tions to the study of upper atmosphere. 
He has extensively used the rocket 
techniques to fly complex equipment to 
measure ionospheric parameters. His 
work has resulted in new and funda¬ 
mental progress in ionospheric physics. 
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RAMAMURTI, Viswanatha, Indian In¬ 
stitute of Technology, Madras. 



He has contributed to our understanding 
of static and dynamic structural analysis 
of complex mechanical elements. 


RAMESHA RAO, Araga, Jawaharlal 
Nehru University, New Delhi. 



He has made outstanding contributions 
in cancer biology and radiation biology 
especially modulation of perinatal and 
multigeneration carcinogenesis. 


ROY, Ashit Baran, M. L. Sukhadia 
University, Udaipur. 



He is one of the distinguished structural 
geologists of India whose researches in 
the fields of precambrian structure of 
Singhbhum and Rajasthan are now con¬ 
sidered invaluable to the understanding 
of the complex geology of the regions. 
His work on the evolution of slaty 
cleavage is of fundamental importance. 


SACHDEV, Purushottam Lai, Indian 
Institute of Science, Bangalore. 



He has made significant contributions 
to nonlinear waves with application 
in geophysics and transonic flows. He 
developed an elegant theoretical model 
to understand the solitary wave struc¬ 
tures observed in the atmospheres and 
the propagation of water waves in a 
bounded body water with flat bottom. 


SARMA, Vallury Visweswara Subrah- 
manya, Indian Institute of Science, 
Bangalore. 



He is actively engaged in the develop¬ 
ment of knowledge-based systems for a 
variety of applications in space, defence, 
engineering design and management of 
complex systems. His present interests 
include artificial intelligence, expert sy¬ 
stems, dependable computing and soft¬ 
ware engineering. 

SEKHON, G. S., Potash Research 
Institute of India, Haryana. 



His contributions on soil potassium as a 
soil fertility indicator have resulted in 


defining practical methods that will 
reduce the transport and accumulation 
of nitrates in ground water—a major 
pollution hazard in the intensively 
cropped irrigated lands. 

SETHUNATHAN, Nambrattil, Central 
Rice Research Institute, Cuttack. 



His work on pesticide microbiology on 
the use of micro-organisms for removal 
of pesticide pollutants from tropical 
environments is well known. The prob¬ 
lem of accelerated biodegradation of 
pesticide reported by him has now been 
demonstrated with many carbamate 
pesticides. He has isolated Flavobac¬ 
terium from diazinon-retreated fields, 
which exhibits an exceptional capacity 
to degrade a variety of organophospho- 
rus insecticides and is being used 
for genetic manipulation in many 
laboratories. 

SINGH, P. K., Central Rice Research 
Institute, Cuttack. 



He has worked on various aspects of 
algae, Azolla and cyanophages. His 
contributions on cyanophages, cyano- 
bacterial genetics and radiation biology, 
biological nitrogen fixation and bioferti¬ 
lizers to rice are well recognized. 

SUBRAMANIAN, Sankaran, Indian In¬ 
stitute of Technology, Madras. 
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His scientific contributions are in mag¬ 
netic resonance and quantum mechanics 
and is among the very few to study the 
properties of solids. His work on 
dynamic and static Jahn-Teller effect 
and his study of clathrating and declath- 
rating behaviour in Hoffmann-type 
benzene and aniline clathrates are often 
quoted. 

SUROLIA, Avadhesha, Indian Institute 
of Science, Bangalore. 

He has made notable contributions to 
studies on molecular mechanisms of 
receptor-lectin recognition and elucida¬ 
tion of lectin quarternary structure and 
sub unit interfaces by chemical cross 
linking. 

TEWARI, H. B., M. L. Sukhadia Univer¬ 
sity, Udaipur. 



He has made exhaustive studies in the 
field of histochemistry of nervous sy¬ 
stem, covering topographical and func¬ 
tional aspects of a large number of 
enzymes in different parts of the nervous 
system. A new concept on the str.ucture 
of myelin sheath of sciatic nerve of rat, 
demonstration of cytochrome oxidase in 
the cell nucleus and nucleolar extrusion 
in spinal ganglion cells are some of his 
research highlights. 


VERMA, Jeevan Prakash, Indian Agric¬ 
ultural Research Institute, New Delhi. 



He is a leading plant bacteriologist who 
identified and transferred the most desir¬ 
able combination in suitable cultivars. 
His studies on the ultrastructure of 
bacteriophages, slime, mureins, etc. have 
greatly contributed to our understand¬ 
ing of plant diseases. 


Twenty fifth Course on Management of R&D Systems 

Place; Hyderabad 
Date: 12-17 March 1990 

Topics to be covered include national science and technology policies; 
organization structure and dynamics; selection, planning and monitoring of 
R&D projects; technology forecasting; management of human resources; 
transfer of technology. 

Contact: The Programmes Officer 

Administrative Staff College of India 
Bella Vista 
Hyderabad 500 049 

Indian Ceophysical Union 26th Annual Convention and Seminar on Global 
Change 

Place: Hyderabad 
Date: 15-17 March 1990 
Contact: Dr T. Atchuta Rao 
Hon. Secretary, IGU 
NGRI Campus 
Hyderabad 500 007 

National Congress on Biotechnology 

Place: Hyderabad 
Date: 16-18 March 1990 

The theme of the congress is ‘Biotechnology for human welfare’. The programme 
includes symposia on ‘Application of recombinant DNA technology in disease 
diagnosis’, ‘Role of biotechnology in human welfare’ and ‘Application of 
biotechnology in biogas production’. 

Contact: Prof. P. P. Reddy, 

Director, National Congress on Biotechnology 

Institute of Genetics 

Hospital for Genetic Diseases 

Begumpet 

Hyderabad 500 016 


1991 (Seventh) Japan Prize in ^Applied Mathematics' and 
Tmaging Techniques in Medicine' 

The Chairman of the Science and Technology Foundation of Japan has 
named Prof. S. S. Sarkar as one of the nominators for the 1991 Japan 
Prize. 

Candidates for the prize should have outstanding achievements in 
applied mathematics based on analytic and numerical methods, and 
should have made significant contributions to solution of problems in 
industry and other fields, or to application of medical and imaging 
techniques in clinical medicine, basic medicine and biology. 

The prize awards a mcdal^and the sum of 50 million yen in each field. 

Applications, to reach not later than 31 March 1990, should include; 
name—last, first, other; organization and position; address of organiza¬ 
tion, telephone; permanent address, telephone; achievements and 
publications and other relevant information. Send to: Prof. S. S. Sarkar, 
P.O. Box 122, Howrah 711 101. 


S. P. Basu Memorial IMedal for Zoological Research 

The Zoological Society invites applications for the award of S. P. Basu 
Memorial Medal for outstanding contribution in general zoology, 
including original research on all aspects of zoology. All members and 
fellows of the Zoological Society and Indian nationals are eligible. 
Candidates, who cannot be earlier awardees, must be below 35 years on 
the last day of March 1990. Last date for application is 31 March 1990. 
Application forms may be had from Dr R. C. Basu, Hon. Gen. Secretary, 
ZSi, 35 Ballygungc Circular Road, Calcutta 700 019. 
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Sir Gilbert Walker—pioneer meteorologist and 
versatile scientist 

P. R, Pisharoty 


Sir Gilbert Thomas Walker, a former 
Director-General of Observatories, 
India, made outstanding contributions 
on world weather relationships, parti¬ 
cularly with reference to the Indian 
summer monsoon. These contributions 
were made while he held the post of 
Director-General with marked distinc¬ 
tion for twenty years from 1904 to 1924. 
In recent years his classical work has 
assumed renewed importance through 
the current studies on the ‘Southern 
Oscillation’*, an atmospheric pheno¬ 
menon discovered by him. It is a see¬ 
saw variation in the seasonal atmos¬ 
pheric pressure between the equatorial 
Indian Ocean and the southeast Pacific 
Ocean. An associated atmospheric zonal 
circulation in the vertical plane has been 
named ‘Walker circulation’ by Prof. J. 
Bjerknes. The current studies on this 
circulation and its connection with 
middle-latitude weather have further 
enhanced the value of Walker’s work. 

Gilbert Thomas Walker was born on 
14 June 1868. He went to St Paul’s 
School in London. In 1885 he was 
awarded a scholarship for mathematics 
at Trinity College, Cambridge. Four 
years later, in 1889, he graduated as a 
Senior Wrangler, or First Man of the 
Year in Mathematical Tripos, in which 
the second place went to Frank Dyson, 
later Astronomer-Royal. 

Walker was appointed a Fellow of 
Trinity College in 1891, and later 
became University Lecturer. In this 
capacity he did original scientific work, 
for which an Sc D degree was awarded 
to him in due course. He continued to 
work there till 1903. During this period 


*This atmospheric phenomenon is closely 
associated with an oceanic phenomenon 
called El Nino. During and El Nino year, in 
the months December to March, sea surface 
temperatures off the coast of Peru are about 
5“C higher than the normal temperatures for 
those months. Scientists now call the com¬ 
bined phenomena ENSO. Much study is 
currently carried out all over the world on 
ENSO and its relation to the Indian summer 
monsoon. 


Walker’s original work was almost 
entirely in two fields, dynamics and 
electromagnetism. His papers ‘On the 
motion of elongated projectiles’ (Proc. R. 
ArtilL Instt., 1892) and ‘On boomerangs’ 
(Phil Trans. R. Soc. A., 1897) had given 
him the reputation of an authority on 
this branch of dynamics and led to his 
being invited to write an article, ‘Spiel 
and sporf, for the Encyklopadie der 
Math. Wissenschqften. The first of a 
series of papers on electricity was a 
substantial Memoir, ‘Repulsion and 
rotation produced by alternating curr¬ 
ents’ in the Phil Trans. Roy. Soc., 1892. 
In 1900 he was awarded the Adams 
Prize by the University of Cambridge 
for the essay, ‘Aberration and some 
other problems connected with the 
electromagnetic field’. By 1903, he had 
published two other substantial papers, 
connected with allied subjects. For all 
this work he was elected to the Royal 
Society in 1904. Thus, in 1903, when he 
was invited by the Government of India 
to join as Director-General of Ob¬ 
servatories, Walker had already esta¬ 
blished his reputation as a mathemati¬ 
cal physicist. As meteorology was a 
foreign realm to him at that time, he 
first visited meteorological offices in 
Europe and America and then, on 
arrival in India, spent a few months in 
close touch with Sir John Eliot before 
taking over charge on 1 January 1904. 
He was able to bring a fresh and truly 
vigorous scientific mind to bear on the 
problems of meteorology in this 
country. 

Much can be written about Walker’s 
scientific work in India. A fuller account 
can be found in the Administration 
Report 1924-25 of the India Meteor¬ 
ological Department. 

The comparative weakness of the 
monsoons in north-west India after 
1894 had made the Government fear the 
possibility of a permanent change of 
climate and consequently the Govern¬ 
ment of India requested Walker in 1908 
to prepare a report on the subject of 
climate change in India. After examin¬ 


ing all possible meteorological evidence, 
Walker came to the conclusion that the 
deficiency was not due to increase of 
irrigation or diminution of forests, and 
that it had not lasted long enough to 
justify a verdict of permanent change of 
climate. He added that there were 
marked indications of an impending 
return to good seasons. The years 
following 1908 fully supported those 
conclusions. (A similar question posed 
to the Planning Commission by the 
Government of India in 1973 and again 
in 1983 drew similar answers.) 

The main problem that faced Walker 
was the problem of forecasting mon¬ 
soon rainfall. In a search for factors 
useful in forecasting the monsoon, he 
began with investigations on the in¬ 
fluence exerted by temperature and 
pressure in the pre-monsoon period, 
went on to examine relationships with 
conditions in and around the Indian 
Ocean, and later extended his work to 
influences of conditions much further 
afield. To test relationships Walker 
computed the correlation coefficients 
and pioneered their use in meteorology. 
He contributed a criterion of sig¬ 
nificance for use when the highest of a 
large number of correlation coefficients 
are chosen. Within a few years Walker 
selected snowfall accumulation in the 
Himalayas at the end of May, pressure 
over Mauritius and rainfall in Zanzibar 
in May, and pressure over South 
America in April and May as the best 
factors* for use in forecasting the 
monsoon. It may be mentioned here 
that in these studies about three 
thousand correlation coefficients were 
computed. 

Walker always critically examined the 
details of his data and the interrelation¬ 
ships between them before publishing a 
result or even making a recommenda¬ 
tion. Also, he was always on the 


*In course of time, the importance of these 
factors, except that of pressure over South 
America and of snow accumulation over the 
Himalayas, has been lost. 


CURRENT SCIENCE, VOL. 59, NO. 2, 25 JANUARY 1990 


121 




HISTORICAL NOTES 


lookout for the physical causes behind 
relationships. He carried out a series of 
investigations correlating sunspots with 
temperature, pressure and rainfall over 
different parts of the world. His 
Memoirs on these subjects are a stan¬ 
dard source for the relationship between 
solar radiation and terrestrial weather. 
(Recent workers in this field have 
apparently not delved into Walker’s 
work.) They proved that the sun does 
not directly control the weather and 
that the immediate source of radiation 
in terrestrial weather must be sought 
within the atmosphere itself. Walker 
went on to study world weather using 
quarterly means of pressure and rainfall 
at about 90 centres over the earth. Since 
these were correlated with one another 
for contemporary and consecutive 
seasons it involved a lengthy comput¬ 
ational programme. 

Walker’s results were published in 
two Memoirs of the India Meteorologi¬ 
cal Department, and after he left India 
in 1924, by the Royal Meteorological 
Society. These Memoirs are a mine of 
information, out of which emerged the 
familiar see-saw connection between the 
pressures over Azores and Iceland, and 
a similar connection in the north 
Pacific, besides the Southern Oscillation 
already mentioned. The Indian mon¬ 
soon has its place in the southern 
oscillation, more as a precursor than as 
the outcome of other events. In these 
papers Walker revealed many important 
relationships that merit further atten¬ 
tion and suggested forecasting formulae 
for other areas of the world as well as 
for India. Taken together, the series of 
Memoirs on seasonal weather formed a 
most important programme of research. 

While world weather was his main 
theme. Walker pursued many other 
lines of enquiry in India, for example: 


the question of change of climate 
(already mentioned), the theory of mus¬ 
ical instruments, and the soaring flight 
of birds. He was a keen observer of bird 
flight throughout his years in India, 
gave several lectures on the subject, and 
eventually wrote an article on animal 
flight in the Encyclopaedia Britannica. 
From its beginning he participated in 
the meetings of the Indian Science 
Congress and was the General President 
in 1918. It may be recalled that he 
played a significant part in getting the 
mathematical genius of Ramanujan re¬ 
cognized and in preparing the way for 
him to go to Cambridge as a colleague 
of G. H. Hardy. Walker was a source of 
encouragement to Indian scientists, in¬ 
cluding C. V. Raman and K. R. Rama- 
nathan in their younger days. 

Walker received a knighthood on 
leaving India in 1924, and soon 
succeeded Sir Napier Shaw as Profes¬ 
sor of Meteorology at Imperial College, 
London. There he spent another pro¬ 
ductive ten years. Of special interest was 
the new direction of much of his 
thought. He and his pupils devised 
striking laboratory experiments to test 
the effect of varying the rate of shear in 
an unstable fluid. They obtained im¬ 
portant results whereby they explained 
the mode of formation of various cloud 
forms. In 1933 Walker was President of 
Section A of the British Association for 
Advancement of Science. He was also a 
President of the Royal Meteorological 
Society (1926-27) and was for several 
years the editor of its journal. He 
resigned his chair at the Imperial 
College in 1934 when he was sixty-six. 

An idea of the vigour of his mind may 
be obtained from the fact that during 
World War II, at the age of 75, Sir 
Gilbert took an active part in the 
research programme under the auspices 


of the Meteorological Committee of the 
Air Ministry and contributed research 
papers on long-range forecasting, sym¬ 
metry points, correlation coefficients 
between various upper air data, and the 
relation between European weather and 
Arctic ice. 

Sir Gilbert Walker passed away at 
Coulsdon, Surrey, England, on 4 
November 1958 at the age of 90. His 
was a life of fruitful scientific activity 
and lasting contributions to meteorology. 

His series of Memoirs on seasonal 
weather deserve a reappraisal, now that 
the data for sixty or more years have 
become available. Performance tests can 
be applied to the correlations that 
appeared to be of significance in the 
1920’s and new correlation coefficients 
among upper air data and sea level data 
may be determined that can be of value 
in meteorology and long-range forecast¬ 
ing. 

The India Meteorological Depart¬ 
ment would do well to reintroduce the 
system of inviting outstanding scientists 
with an established reputation to take 
up scientific jobs at the highest levels. 
Only that can provide a quantum 
growth in scientific advancement, 
similar to what occurred in the case of 
Gilbert Walker. 


Other references 

Obituary notices: Quart. J. R. Met. 
Soc., April 1959, p. 186. Indian J. Met. 
Geophys., January 1959: pp. 1-2, by the 
editor; 113-115, by C. W. B. Normand; 
115-117, by S. K. Banerji; 117-118, by 
V. V. Sohoni; 118-120, by S. Mull. 
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SERC School on 

“GEOMAGNETISM AND EARTH’S INTERIOR” 

(Department of Science and Technology, Government of India) 

The Science and Engineering Research Council (SERC) in the Department of Science and Technology 
has entrusted Indian Institute of Geomagnetism (IIG), Bombay, to co-ordinate a five-year programme of 
Annual Summer/Wintej? Schools to encourage research by younger scientists in the frontier areas of 
‘Geomagnetism and Earth’s Interior’. The first Summer School in this series on ‘Electromagnetic 
Induction in the Earth’ will be held at: 


Department of Earth Sciences 

(Prof. Sri Niwas, Joint Director, Summer School) 

Kurukshetra University 

Kurukshetra 132 119 


from 11 June to 30 June 1990 and will cover the following topics: 


1. Geoelectromagnetism 

2. Response functions in electromagnetism 

3. Geomagnetic depth sounding 

4. Magnetotellurics 

5. Electromagnetic modelling 

6. Geoelectric structure of earth’s interior 


10 lectures 
10 lectures 
10 lectures 
10 lectures 
12 lectures 
12 lectures 


The Summer School will admit 40 participants on all-India basis. Preference will be given to: (i) those 
working for Ph.D. degree and fresh Ph.D.s in Solid Earth Geophysics and Allied Fields in National 
Laboratories/Universities and (ii) geoscientists working in organizations like ONGC, GSI, etc. 
Financial support to the extent of first class train fare and free boarding and lodging will be provided to 
participants. Those interested in attending the School should write to: 


Dr B. R. Arora 
Pirector, Summer School) 

Indian Institute of Geomagnetism 
Colaba, Bombay 400 005 

giving the following information: 

Name and address for correspondence, academic qualifications, age, affiliation, field of research and 
list of publications, if any, together with a nomination letter from present employer. 

Last date for the receipt of the required information is 31 March 1990. Information regarding selection 
will be sent by 20 April 1990. 
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INSTITUTE FOR PLASMA RESEARCH 

(An Autonomous Institute of Department of Science and Technology) 
GOVERNMENT OF INDIA 
Near Indira Bridge, Gandhinagar Highway 
Bhat, Gandhinagar 382 424 

ADVT. NO. 02/90 

The Institute for Plasma Research invites applications from young, bright and motivated candidates for 
the following research programmes. 

I. PH. D. PROGRAMME 

II. SHORT-TERM RESEARCH PROGRAMME 

This Institute conducts research in plasma physics, free electron lasers, relativistic electron beams, non- 
linear dynamics, chaos and physics of solid surfaces. This research programme provides exciting 
opportunities and excellent facilities to work in high technology areas such as high power lasers, 
spectroscopy (visible, ultra violet, X-ray and mm-wave); laser induced fluorescence; bolometry; X-ray 
tomography; nuclear detection techniques; interferometry; high-current, high-voltage pulsed power 
systems, sophisticated data acquisition system, sophisticated computer codes and numerical 
simulation. 

PH. D. PROGRAMME 

Candidates with M Sc in Physics/Applied Physics and those appearing in the final examination are also 
eligible to apply. Selection will be on the basis of personal interview and written test at the Institute and 
the travel expenses for the same by second class to and fro rail fare by shortest route will be provided. 
The selected candidates will undergo prescribed course work, mainly during the first year. The 
scholarship is Rs 1,800/- p.m. during the first two years. Subject to evaluation it may be increased to 
Rs 2,100/- p.m. in the next three years. Normally the Ph D programme is for 5 years and on its successful 
completion deserving candidates may be offered regular positions in the Institute. Deadline for 
applications is 10 April 1990. 

SUMMER PROGRAMME 

Students of MSc (Physics) who are now in their first year of study are eligible to apply for this 
programme. Selected candidates will be provided the opportunity to interact actively with scientists of 
IPR in the frontier research areas of Plasma Physics for six weeks from 21 May to 29 June 1990. The 
participants will receive a consolidated stipend of Rs 1,000/-, to and fro second class rail fare by shortest 
route and free hostel accommodation. Deadline for applications is 10 April 1990. 

Applications for these programmes should include a detailed resume specifying name, date of birth, 
address (present and permanent), academic record (school leaving record, B. Sc, M Sc with percentage of 
marks, rank in the university, subjects taken and the name of the university/institution). Those who 
have passed UGC/CSIR qualifying examination should mention the same in their application. 
Candidates applying for Short-Term Summer Programme must attach two letters of reference from their 
teachers. Applications should be sent to the Chief Administrative Officer at the above address 
superscribing the envelope the Advt. No. and the programme applied for. 
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All manuscripts should be addressed to the Editor, (liirreiit Science, 
C.V. Raman Avenue, P.B. No. 8001, Bangalore 560 080. Research 
iirticles and communications may be submitted to a member of 
the Editorial Board, bul two copies must simulUincously he sent to the 
Milorial ojjice, witli a letter giving the name of the Editorial Board 
niemher. 'Ewo copies of comributions of all categories, including 
illustrations and tables, are required, with a letter of transmittal 
giving (i) names and complete addresses of the authors and (ii) 
title of the contribution and tlte category in which it is submitted 
(see below). 

Oiirrerit Science is a journal for all tlie sciences. Therefore research 
and review papers of general signil'icance that are written clearly 
and well organized will be given preference. Before papers are 
sent for detailed review, they will he assessed for overall suitability 
by a Reviewing Editor. Papers found unsuitable in terms of the 
ov'erall requirements of the journal will be returned to the aitthors. 
d'he others will be sent for detailed review. Authors of these papers 
will be notified of acceptance, rejection, or need for revision of 
the paper. Returned papers cannot be resubmitted. 

Many contributions are solicited. Both, solicited and unsoUcited 
material iinli be reviewed. 

Accepted contributions will be edited to improve the effectiveness 
of communication and sometimes to adjust their length to specified 
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Illustrations from other ptddications must be pro|>erly credited; 
it is the authors’ responsibility to obtain permission to reproduce 
illustrations. 

CATEGORIES OF MANUSCRIPT 
General articles (not CKceeding 5()()() words) discuss current trends 
in research in a field that will be of interest to readers outside 
the field; interdisciplinary issues; science policy and administration; 
of some aspect of the application of science and technology to 
human needs or the impact of science and technology on society/ 
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articles. 
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Research communications (not exceeding 2000 words) should 
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interest. They should include a brief abstract and an introductory 
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and must convey to readers the significance of an important advance. 
Book reviews. The selection of books to be reviewed or briefly 
noticed is usually made by the Editor. Unsolicited reviews will also 
be considered. Reviews that merely ‘list’ brief descriptions of the 
contents cannot be published. Reviews should have ‘context’ and 


cronvey some inforinalion about the' siihjcci of ilu' liook. 
Opinion articles present vicuvs on issiu's lelated to science and 
scientific activity. 
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MANUSCRIPT PREPARATION 
Manuscripts slioiild lie typed double'-spaex'd on oiu' side ol white 
bond paper (21 X 2<S cm). Number the ])ages starting with the 
title page. Reference list, tables and figure legends should he 
on separate sheets, all ol' which should l)i‘ tyja'd double-spaced 
and nunibered. The title should he brief, specific and amemihle 
to indexing. Not more than five keywords slioiild he indicated 
separately; these should he ehosen earefully and must not he 
phra.ses of .several words. Summary and abstract should iioi have 
more than lOO words and should eoiu’ey the main point ol' the 
paper, outline the results and coiichisions, and exi>lain the 
significance of the results. 

Text. All ptipers should have a brief iiilrodiictiou. 'fhe text 
shotild lie inielligihle to readers in dilferent disciplines and 
technical terms should he defined, 'fables and figures should he 
referred to in mnnerical order. All symbols and abbreviations 
must he defined, and used only when absolutely lU'cessiiiy. 
Supcr.s(:ripts and subscripts and ainliigiious tTaraclers should be 
cleai'ly indicated. Units of measure should he meiric or, prel'ertihly, 
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legend. 

Figures, h'or each figure', submit a good glossy ])riut or original 
drawing with each copy ol the' tnaniiseript: photocopii's are not 
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printed size*, 'fhe correct orit'iitation slioiild lx* indicak'd il not 
edear. Photomicrographs must have a scale bar, which should 
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rather than idealized diagrams). 

References should be numhered in ilu* order in whitdi they 
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Healing the healers’ distress 

The state of medical research in India 
has been a matter of grave concern to 
many, not the least amongst them being 
the medical researchers themselves. 
M. S. Valiathan made an erudite analy¬ 
sis of the role of medical research at the 
discussion meeting organized by the 
Indian National Science Academy and 
the Indian Academy of Sciences on the 
essential role of fundamental research 
(see Curr. ScL, 59, 64). Examining the 
history of medical research in India, 
Valiathan traces (page 125) how, from 
the vigorous, pragmatic experimental 
approach of Sushruta and Charaka, it 
deteriorated to stagnation. He then 
forcefully makes the following points: 

1. Building on the sands of imported 
knowledge is an invitation to 
disaster, as ruin is the only destin¬ 
ation of a nation that lives on 
borrowed knowledge. 

2. Medical research cannot strike 
roots and become a creative force 
in this country unless it flourishes 
in our medical colleges. 

These remind one of the cry of 
another eminent man of science who felt 
that separation of the research function 
and the teaching function cannot but 
spell disaster and that one cannot truly 
isolate the fundamental aspects of science 
from its applications, 

Valiathan goes on to suggest a few 
simple remedial measures. India has 
'about 120 medical colleges, which pro¬ 
duce over 12,000 medical graduates a 
year. These colleges must become the 
nursery for a new generation of medical 
scientists and be converted into the 
home of investigative medicine. The first 
step would be to choose carefully about 
25 of these colleges across the country 
and grant to them fully funded research 
departments with well-equipped labs 
and full-time staff (who will also teach) 
with appropriate terms of appointment. 
The next step would be to choose at 
least 50 talented medical students every 
year and expose them to basic sciences 
and research methodology simultane¬ 
ously with their medical courses, and 
launch them on a research career. The 
third step would be to offer appoint¬ 
ments to the best of these in the newly 
established research departments. 

One does wish that those ai the helm 
of medical education and medical re¬ 
search planning heed these wise counsels. 
One cannot but agree with Valiathan 
that the success or collapse of hospital 
service for our enormous population 
will depend in no small measure on a 
self-generating base of research and 
development in medical science and 
technology. 


In this issue 

A silver lining 

Last year the radio astronomy group of 
the Tata Institute of Fundamental 
Research celebrated its silver jubilee. 
The group owes its origin to the vision 
of Homi Bhabha, who responded enthu¬ 
siastically to the desire of a group of 
Indian radio astronomers abroad to 
come back to India and initiate work in 
this field. There were of course earlier 
attempts, in the fifties, to start research 
in this field—one at the Indian Institute 
of Science, with the help of S. Bhaga- 
vantam, and another at the National 
Physical Laboratory, with the help of 
K. S. Krishnan. LFnfortunately, while 
some work was done, neither went far, 
although the latter became the seed for 
research in radio wave propagation and 
ionospheric research. 

N- V. G. Sarma reviews (page 176) the 
brochure brought out by the Radio 
Astronomy Centre in Ootacamund. 
Under the leadership of Govind Swarup 
an impressive parabolic radio telescope 
was built in 1969 on the slopes of the 
Ooty hills (see cover photograph). The 
centre has earned justifiable renown. 
But what singles out Govind Swarup 
and his leadership is the manner in 
which he has promoted radio astro¬ 
nomy in India and extended a friendly 
hand to anyone interested in this field. 
It is a matter of great satisfaction to 
Indian science that radio astronomy has 
spread to many places and is a field in 
which India does quality science. 

Swarup is now leading a project that 
must stir the imagination of any Indian. 
When completed, the giant metre-wave 
radio telescope (GMRT) will be the 
biggest of its kind in the world. 

A wholesome insect science? 

T. N. Ananthakrishnan writter (page 
138) about ‘integrated entomology’. Un¬ 
fortunately there seems to be a slow but 
sure separation taking place and even 
some antipathy raising its ugly head 
between the classical schools of biology 
and the more modern schools. Anantha¬ 
krishnan adduces many reasons to show 
that only by combining the strength 
that India has built up in classical 
biology and systematic ecology with the 
modern approaches involving bioche¬ 
mistry, genetics and molecular biology 
can real progress be made in the 
important field of entomology. 


Climate change 

Warming to a global effort 

The atmosphere of/our planet is one of 


the most complex systems for a scientist 
to research on. Modelling the atmos¬ 
phere has become fashionable, and pro¬ 
bably is the only method available for 
climate studies, provided of course one 
knows what experimental parameters to 
put into the models. The experimental 
data are so unsatisfactory that it is 
difficult to make reliable predictions. 
However, one thing seems quite clear to 
many—the excessive burning of fossil 
fuels necessitated by technological ad¬ 
vances would lead to a global warming. 
If this does happen it cannot but trigger 
major changes in the patterns of climate 
in different parts of the world. 

In an article (page 134) on the Inter¬ 
national Geosphere-Biosphere Pro¬ 
gramme (IGBP) R. R. Daniel points out 
the need for a multidisciplinary study of 
the Earth as an ecosystem. Both short¬ 
term effects (over periods of a decade or 
two) and long-term ones (over centuries) 
have to be considered. The relative 
importance and priorities of the two are 
matters of great concern to IGBP. 
Daniel feels strongly that developing 
countries like India should actively 
participate in IGBP, because a study of 
the earth’s tropics is an important part 
of IGBP and the data that the pro¬ 
gramme will generate will especially 
benefit developing countries. 


The scenario for India 

Global warming may bring about two 
effects—(i) thermal expansion of the 
oceans and (ii) melting of snow and ice 
at high altitudes and latitudes. Their 
relative contributions to sea-level rise 
are uncertain. Sea-level rise during the 
last hundred years is estimated to be 
10-15 cm, for a global warming of a 
mere 0.4®C. The estimates made of sea- 
level rise in the next century vary 
considerably depending on the experi¬ 
mental parameters put into the climate 
model. The values vary from 23-116 cm 
rise by 2050 to 52-346 cm rise by 2100. 
S. R. Shetye et ai of the National 
Institute of Oceanography in Goa 
examine (page 152) the effect this sea- 
level rise would have on the coastal 
regions of the Indian mainland and the 
islands offshore. The Lakshadweep archi¬ 
pelago would be the one to be most 
affected. There is also the possibility 
that the slopes of the eastern coast of 
the mainland may suffer from increased 
storm-surge damage. Regions below 
12°N ate also likely to experience much 
coastal erosion. These findings argue 
strongly in favour of Daniel’s plea that 
Indian scientists must take an interest in 
the environment and the IGBP. 
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We’ll help you get there 

If you’re selling science books/journals or 
laboratory products, or wish to recruit 
scientists in your establishment, then 


you’te sure to benefit by 
advertising here. 

Because Current Science reaches nearly every 
university, scientific institution and industrial 
R&D unit in India. What’s more, it’s read by 
hundreds of individual subscribers—students, 
doctoral scientists and professionals in vir¬ 
tually every field of scientific activity in India. 

Current Science has the largest circulation 
among scientific journals in India. 

And to give you more impact, we’re now 
bigger, and better. 

Write now, or send your copy to 



C. V. Raman Avenue, P. B. No. 8001, 
Bangalore 560080 
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Whither India’s medical legacy? 

It is not easy to distinguish medical from potentially medical research, but without underpinning by 
research, medical practice cannot advance, nor even hold up against the burgeoning medical 
problems of an overpopulated nation. Medical research must strike roots in our medical colleges. A 
properly placed force of young medical investigators exposed to the history, philosophy and 
methodology of research in parallel with their medical training can galvanize Indian medical 
research within a generation. 


Francis Bacon described four classes of idols that beset 
the minds of men—idols of the tribe, idols of the cave, 
idols of the market-place, and idols of the theatre. With 
apologies to Bacon, we might add a fifth, idols of 
numbers. If our minds are beset with the idols of 
numbers and they are regarded as the invariable attribute 
of the fundamental, medical research is less than 
fundamental. However, if one admits that the most 
fundamental aspect of the human condition is the 
universality of suffering, one might view medical 
research differently. 

By definition, medical practice pertains to the art of 
healing. One can hardly consider medical research in 
isolation from the practice of medicine. The medical 
scene in India is, however, none too bright even after 
four decades of independence. Infant mortality exceeds 
100, to say nothing of the subsequent mortality and 
morbidity in childhood; even though tuberculosis and 
leprosy stalk the land, we are obliged to import drugs 
that the multinationals are no longer keen to supply; a 
hundred years after Donovan, we are unable to control 
outbreaks of kala-azar; and the record in controlling 
parasitic and noncommunicable diseases is even less 
inspiring. The medical realities leave one with the 
impression that our research endeavour has touched 
many areas but adorned none. It has had no discernible 
impact on hospital practice or the control of diseases. 
The large superstructure of our medical practice would 
appear to be built on the sands of borrowed knowledge 
and not on the rock of experiment and medical research. 

The weakness in our research effort is not surprising 
because the history of medical research reaches back 
hardly three centuries and its birth and development 
during the initial two centuries were largely European 
events. Even though the accurate description of human 
anatomy by Vesalius appeared within weeks of the 
publication of the classic of Copernicus, medical 


research as we know it began with William Harvey. 
Harvey was a student at the University of Padua and 
the physician of Bacon. His discovery in 1628, based on 
experiments in animals and man, of the circulation of 
blood symbolized the spirit of the new century which 
broke with tradition and journeyed into the unknown 
on the wings of experimental science. His motto ‘Not 
from books, but from dissections’ was echoed by John 
Hunter in the following century. An experimentalist par 
excellence. Hunter’s famous advice to Jenner, ‘Why 
think? Why not experiment?’, was instrumental in 
Jenner’s historic discovery of vaccination. The spirit of 
new learning transcended medicine, and the cumulative 
effect of research in many disciplines during the seven¬ 
teenth and eighteenth centuries found triumphant 
expression in the nineteenth in the form of a series of 
brilliant discoveries. These included the differential 
functions of the roots of spinal nerves, bacterial causes 
of diseases, electromagnetic radiation, X-rays, nitrous 
oxide, and others too numerous to list. Throughout 
these years of patient effort and slow triumph, medical 
research sought knowledge ‘useful for man’s life’ and 
denied that the goodness of the search for knowledge is 
independent of its value for the betterment of the 
human condition. Indeed, the seventeenth-century vision 
of science did not exclude research useful to man’s life, 
as the second charter of the Royal Society (1663) 
directed the Fellows to apply their studies ‘to further 
promoting by the authority of experiments the sciences 
of natural things and of useful arts, to the glory of God 
the creator and the advantage of the human race’. 

The remarkable record of the nineteenth century has 
been excelled by our own dazzling century, which has 
given voice to the call for health for all. Today, medical 
research has become a veritable ocean into which many 
rivers and streams flow and where waters from different 
lands and climes mingle. It is no longer easy to trace 







the line of separation between medical and potentially 
medical research. The discovery of the bending of the 
path of the electron in a magnetic field gave birth to the 
electron microscope, which enabled medical research to 
penetrate the cell; disintegration of the atom by neutron 
bombardment produced radioisotopes, which advanced 
analysis, organ imaging and cancer therapy; synthesis of 
polyamide led to the advent of arterial prosthesis; and 
aerospace technology fathered cardiac telemetry. These 
examples of the unlikely impact of fundamental 
research on medicine remind one of Whitehead’s 
remark, In our most theoretical moods we may be 
nearest to our most practical inventions.’ 

All this does not mean that medical research has no 
clear objectives or that it lacks a personality of its own. 
A classic example of an essay in medical research is the 
discovery of insulin. Toward the end of the nineteenth 
century, Langerhans, studying the microscopic 
structure of the pancreas, had noticed clusters of 
cells that were unrelated to the glandular cells. A few 
years later, Minkowski, while investigating the digestive 
functions of the pancreas, found that his experimental 
animals developed diabetes mellitus following removal 
of the pancreas. Soon, Scheff noted that the cells or 
islets of Langerhans were spared the general atrophy of 
the organ which followed ligation of the duct of the 
pancreas. Hedon found thereafter that the post¬ 
pancreatectomy diabetes in animals could be prevented 
by placing the islet cells under their skin. But all efforts 
to isolate a regulatory substance from the islet cells 
failed. It was in this scene that Banting appeared, with 
no prior experience in research after his discharge from 
the Royal Army Medical Corps. What he lacked in 
research experience was more than made up by his 
fierce determination to solve the riddle of diabetes. In a 
tiny laboratory in the University of Toronto he 
produced experimental diabetes in animals and treated 
them with extracts of islet cells, which he and Best, a 
medical student, had prepared. Several hot months and 
much tenacious effort later, they noted with profound 
excitement the colour of the sugar reagent fade and the 
animal’s sugar level fall under the effect of their islet 
extract. Their excitement marked the birth of insulin, 
the substance that has given new life to millions of 
patients. What motivated Banting—the force behind 
his tenacity—was the intense concern for the suffering 
of diabetic patients. This is the central characteristic of 
medical research—it is medical only to the extent it 
treads on the hallowed ground of suffering. 

If medical research advanced the practice of medicine 
in less than three centuries to the present astonishing 
level in the West, what was its history in our own 
country? The oldest references to illness are found in 
the Atharva Veda, which dates tjack to 1500 BC. It 
contains much demonology (Bhutavidya), clear descrip- 
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tions of symptoms alternating with incantations, and 
brilliant passages such as that on the 'wonderful 
structure of man’. It would not be wrong to 
characterize the medicine of the Atharva Veda as 
magico-religious. A thousand years later, one finds that 
Ayurveda had been elevated to the status of an upaveda; 
Bhutavidya had been eliminated and new disciplines 
such as Salya (surgery), Salakya (head and neck 
surgery) and Kumar a hr it y a (paediatrics) added to the 
corpus; Taxila and Kasi had emerged as outstanding 
centres of medical learning and training; and Sushruta 
and Charaka had produced a brilliant, systematized 
version of the medical knowledge of the time. The evolu¬ 
tion of medicine over a thousand years was characterized 
by excellent observation, analytical thinking, innovations 
and catholicity of outlook. But alas, this triumphant 
march of medical science came to an abrupt end in the 
early centuries of the Christian Era for reasons that are 
unclear at the present time. For the next thousand 
years, one looks in vain for a Charaka or a Sushruta or 
for brilliant innovations; instead one is greeted by 
commentaries and redactions. When European observers 
entered India in the eighteenth century and studied 
local practices before Indians were regarded as a 
conquered race, they acknowledged that excellence 
continued to exist here and there like bright patches 
in a tattered garment. Holwell, who studied the Indian 
practice of variolation very closely and sent a detailed 
account to the President of the Royal College of 
Physicians in 1747, concluded his letter as follows: 
‘When the before-recited treatment of the inoculated is 
strictly followed, it is next to a miracle to hear that one 
in a million fails of receiving the infection, or of one 
that miscarries under it. . . . Since, therefore, this 
practice of the East has been followed without 
variation, and with uniform success from the remotest 
known times, it is but justice to conclude it must have 
been originally founded on the basis of rational 
principles and experiment.’ But we had no Jenner to 
validate the Indian practice of tikka or variolation. 

The following quotations are from yet another 
observer, Scott, who was reporting to the President of 
the Royal Society in 1792 from India. ‘In medicine I 
shall not be able to praise their science very much. It is 
one of those arts which is too delicate in its nature to 
bear war and oppression and the revolutions of 
Governments. The effects of surgical operations are 
more obvious, more easily acquired, and lost by no 
means so readily. Here I should have much praise. They 
practise with great success the operation of depressing 
the crystalline lens when become opake [s/c] and from 
time immemorial they have cut for the stone at the 
same place which they now do in Europe. These are 
curious facts and I believe unknown before to us.’ Again: 
‘You will think the paper on putting on noses on those 
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who have lost them an extraordinary one. I hope to 
send you by the later ships some of the Indian cement 
for uniting animal parts.’ 

When European medicine with experiment as its 
engine of progress entered India in the eighteenth and 
nineteetjth centuries, we adopted their practice of 
medicine but ignored the philosophy and method of 
experiment which could have enabled us to validate 
what was precious in our medical inheritance and given 
us a powerful tool for medical advancement. The 
neglect of experiment obliged our practitioners of 
medicine to adhere to Indian or Western texts 
depending on whether they practised Ayurveda or 
allopathy. It also ensured that India’s impact on the 
concepts and practice of global medicine would be 
negligible. This was a tragedy of far-reaching Importance, 
which is comparable, strangely enough, to our import 
of technology in more recent history with no attention 
being paid to its indigenous generation. It was forgotten 
that building on the sands of imported knowledge is an 
invitation to disaster, for ruin is the destination of a 
nation that lives on borrowed knowledge. 

As the mismatch between our medical practice and 
medical research is serious and the malady of medical 
research is chronic there is no instant remedy. But a 
remedy we must find and work for even if one can 
indicate no more than the elements of a remedial 
strategy. In the first place it must be recognized that 
medical research cannot strike roots or become a 
creative force unless it flourishes in our medical 
colleges. And our colleges are nowhere in the picture 
today. Given the fact that they number over 120, admit 
our best students, and graduate over 12,000 physicians 
a year, it is clear that they must become the home of 
investigative medicine and the nursery for a new 
generation of medical scientists. If 20% of the colleges 
are selected across the nation and granted fully funded 
research departments in preclinical and clinical sciences 
on appropriate terms such as full-time staff, non¬ 
transferability, promotion on merit, etc., we would have 
taken the first and essential step in enfranchising the 
medical colleges in a national research endeavour. 
Secondly, at least 50 medical students must be selected 
on the basis of a talent test every year for a research 
career and given appropriately tailored courses in basic 
sciences and exposure to the history, philosophy and 
methodology of research. It should be open to them to 
spend electives with research groups anywhere in India. 


The entire programme for the scholars should run in 
parallel with the medical course, much like the National 
Cadet Corps programme in the professional colleges. 
The best among them must be given career investigator- 
ships on par with medical teachers, or offered faculty 
appointments in the newly set-up research departments 
or other institutions of learning. If we succeed in raising 
a force of three hundred young medical investigators 
and placing them' optimally, Indian medical research 
will be on the move in a generation. Thirdly, medical 
teaching must emphasize that while we are more than 
our forefathers we are yet nothing without them, and 
what is regarded as new may have been conceived or 
practised in a rudimentary form many hundreds of 
years ago. For a young surgical trainee, the realization 
that cataract removal, rhinoplasty and cystolithotomy 
had been done and over a hundred surgical instruments 
used in India as early as 500 BC is a heady experience 
that will restore his confidence in himself and his 
society. Lastly, total support should be given to 
research efforts that seek to control or remove the 
misery of large numbers rather than dividing the funds 
on the basis of fundamental and applied research. 
Investigating the opacification of the lens may pass for 
fundamental research and the development of an 
implantable lens may be classified as applied, but both 
efforts assume significance only in so far as they enable 
the blind to see. Just as the principles of hotness and 
coldness of matter have been superseded by the single 
concept of temperature, the duality of fundamental and 
applied tends to dissolve against the background of 
compassion that pervades the field of medicine. By 
nothing is medicine as glorious as by its quality of 
compassion. 

Demographers estimate that India’s population may 
stabilize at 1.5 billion by 2050 AD. The success or 
collapse of hospital services for so massive a population 
will depend in no small measure upon a self-generating 
base of research and development in medical science 
and technology. If we succeed in building such a base, 
we will not only serve our people better but will also; 
create an Indian identity in medical research and 
influence the march of global medicine for the benefit of 
all. 


— M. S. Valiathan 
Sree Chitra Tirunal Institute of 
Medical Sciences and Technology 
Trivandrum 695 011 
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Assaults on Indian creativity and technology 


Excerpts^ from the book Trojan Horse: 
The Ultimate Challenge to Western 
Industry by B. G. James made interest¬ 
ing reading. While James’ book discusses 
the threat of erosion of the West’s 
industrial competitiveness as a result of 
Japan’s domination of world industry, 
the situation in India is fraught with 
similar danger. Assembly from imported 
kits, described variously as screwdriver 
technology, ‘completely knock-down’/ 
‘semi-knock-down’ culture, etc. (unwanted 
additions to our vocabulary made in the 
eighties!) is a well-known phenomenon. 
The public do not seem overly con¬ 
cerned since, at long last, two-in-one’s, 
colour TVs, VCRs, washing machines, 
etc. of fairly good quality are freely 
available in the Indian market 

Satisfaction of the public’s appetite 
for consumer goods is one side of the 
story, the only tolerable side, one might 
add. The other side fills one with deep 
concern, for, apart from the avoidable 
drain on foreign exchange, there is also 
the havoc played on indigenous capabi¬ 
lity. To cite a typical example, for years 
Bharat Electronics Limited (BEL) used 
to supply quartz crystals to our radio 
and TV industry for use as oscillators. 
But, with the advent of imported kits, 
indigenous manufacturers are unwilling 
to buy BEL crystals. They simply say: 
‘Why should we? We get quartz oscil¬ 
lators as part of our kit.’ In a terse 
commentary^ on kits, P. S. Deodhar, 
former chairman of the Electronics 
Commission, says: ‘Indian industry in 
electronics especially in consumer elec¬ 
tronics and now even in professional 
electronics is all kit-oriented, thanks to 
the Government of India’s policy of the 
so-called phased manufacturing pro¬ 
gramme (PMP) which has not succeeded. 
It has been a big hoax. What I found 
was that the Japanese and Koreans 
were exploiting our industry by selling 
kits .. . under various rules and loop¬ 
holes specifically left behind by the 
government.. . smaller companies who 
could not really play this kit business 
were suffering.’ 

Assault on Indian technological com¬ 
petence is not limited to the flooding of 
kits. There are other forms, peculiar to 
this country. Some time ago a sophi¬ 
sticated antenna, costing millions of 
rupees, was needed for our satellite 


communication system. Hearing that an 
order was to be placed for this item. 
Govind Swarup of TIER made efforts 
to steer the deal to Indian industry. 
Swarup should know a thing or two 
about antennas, having built the well- 
known radio telescope at Ooty and 
being now engaged in the design and 
construction of an even bigger telescope, 
the GMRT, to be located near Pune. He 
rightly argued that considerable expertise 
on antennas is available in the country, 
not only with his own group but with 
many other centres like the Raman 
Research Institute (which has built a 
sophisticated millimetre-wave telescope), 
and engineers of the LRDE (a DRDO 
laboratory) who have regularly been 
supplying sophisticated radar systems to 
our armed services. Let it also not be 
forgotten that, over two decades ago, 
the late S. N. Seshadri of BARC built 
(with inspiration from Vikram Sarabhai) 
a control system for the Arvi earth 
station to performance levels better than 
those specified, even though he had 
never built an antenna-control system 
before. The SITE program, the INSAT 
earth stations and a host of other 
similar projects have all been using 
antennas built by Indian engineers and 
Indian industry. But suddenly, all this 
was being overlooked. The import 
lobby argued that there would be cost 
overruns if the project were to be 
executed in India. Swarup countered by 
offering to build the antenna within the 
stipulated budget. But the import lobby 
would not give up and finally managed 
to swing the deal in favour of Japan on 
grounds of time schedule. The irony is 
that several months were lost in block¬ 
ing Swarup, and he could well have 
delivered the antenna by the time it was 
to finally arrive from Japan, had he 
been given the green signal in the first 
place. It is unfortunate that Indian 
industry and engineers received little or 
no support from our public and the 
press. On the contrary. The Hindu once 
carried a letter from an NRI, question¬ 
ing the credibility of Indian engineers! 

That this is not an isolated incident 
becomes evident from the battle royal 
going on at present in respect of 
communications technology. A few years 
ago, an effort was launched to develop 
indigenous capability in communications 


technology, and C-DoT was identified 
as the nodal agency for this technology 
thrust. There has always been some 
opposition to this venture, and lately it 
has become quite vociferous. The oppo¬ 
nents are both local and foreign. A 
recent issue of The Economic Times said^: 
‘Government’s decision to evaluate afresh 
the indigenous switch developed by C- 
DoT has given fresh hope to the 
multinationals to recapture the Indian 
telecom market. World-known compa¬ 
nies, including CIT-Alcatel, Ericssons, 
Nippon Electronics Corporation and 
AT&T, are vying with one another to 
make presentations about their techno¬ 
logical capability to the new Govern¬ 
ment.The plea the import lobby 

activists are making is that the indige¬ 
nous switch will take time to come up. 
According high priority to communica¬ 
tions, the Government does not want to 
experiment and lose time. .. C-DoT’s 
technology has been evaluated twice 
before. The last panel has submitted its 
report in April 1989 and concluded that 
though there have been slight slippages 
due to software problems, the techno¬ 
logy was sound and would serve the 
telecom needs of the country.’ 

The same newspaper reported‘s an 
interview with the communications 
minister, who observed: ‘We want to 
achieve technological self-reliance. At 
the same time,. . . wherever upgradation 
of technology is required, or where we 
do not have it already, we would not 
hesitate to import the technology. We 
will have to import technology in 
certain areas but our overall perspective 
remains self-reliance.’ 

Referring to the committee recently 
set up to review C-DoT, The Hindu 
said: ‘. . . the officials [of C-DoT] said 
while it was laudable to review the 
efforts, was it not justified to review 
similarly the foreign collaboration agree¬ 
ments entered into for the manufacturers 
of push-button telephones, EPABX, 
VLSI, small earth stations, etc., which 
are yet to make an impact even four 
years after the tie-up and payment 
already made in foreign exchange for 
the technology transfer? . .. sources said 
a review of manufacture of push-button 
telephones based on three shortlisted 
foreign technologies, Siemens of West 
Germany, Ericssons of Sweden, and 
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Face of Italy, showed a miserable state 
of affairs.. .. Similar ‘success’ stories dot 
the Indian telecom scene, like the 
collaboration ITI entered into with 
Equatorial Satcom of the US for, the 
manufacture of small earth stations.’ 
The Hindu observed lateral ‘One of the 
most important elements of any foreign 
collaboration relates to the phased 
manufacturing programme (PMP), which 
indicates the progress of indegenization 
and transfer of technology. The issue [in 
the case of the ITI-Equatorial Satcom 
agreement], therefore, was whether the 
original PMP had been adhered to by 
ITI since the formation of the joint 
venture in 1986.’ 

As yet another instance of stifling 
local effort, one could turn the spotlight 
on submarines. A few years ago, much 
fuss was created about the submarine 
deal with West Germany but the focus 
was entirely on the alleged kickbacks. 
While kickbacks are no doubt a very 
serious matter, there was practically no 
discussion about why we should, in the 
first place, buy submarines from abroad. 
After all, this country makes all kinds of 
steels. It trains electrical, mechanical 
and electronics engineers and even 
naval architects, all of whom could 


presumably be organized into a suitable 
design team. The country has factories 
that produce everything from batteries 
to turbines and communication equip¬ 
ment. We have shipyards and, finally, 
also the money. And yet an order worth 
billions of rupees is placed abroad, 
involving not only a drain on our 
foreign exchange but the export of our 
jobs as well. 

It is ironic that even after forty years 
of independent existence, we have not 
been able to overcome the triple argu¬ 
ment involving quality, price and time 
schedule always trumped up by the 
import lobby (with, alas, much success). 
As far as quality is concerned, it is a 
painful fact that the quality of most 
indigenous products leaves much to be 
desired. It is also a sad commentary on 
a country that, a few centuries ago, 
produced the Taj Mahal, an eternal 
symbol of perfection. 

It is a mystery why, though endowed 
with so many resources, we are doing so 
badly while Japan, which has no iron, 
no coal, no oil and no minerals, is 
thriving so well. Satyen Bose also 
wondered about the same problem 
while delivering the K. S. Krishnan 
memorial lecture many years ago, and 


he concluded his address by observing: 

It is a perpetual challenge to the 
Indian genius as to how, even though 
the country is endowed with such 
natural resources, even though the 
country has had such a brilliant 
history, it continues to be third rate. 
Well, Gentlemen, I stop here with these 
questions asked to our young men. 

While Bose left behind a poser, 
Raman provided the answer in a 
stirring address he once delivered to 
young students. He said: 

What we lack is perhaps courage, 
what we lack is perhaps a driving 
force which takes one anywhere. We 
have, I think, developed an inferiority 
complex. I think what is needed in 
India today is a destruction of that 
defeatist spirit. 

The diagnosis was made decades ago, 
but the cure is yet to follow! 


1. Curr. ScL, 1989, 58, 1063. 

2. Computers and Communications, December 
1989. 

3. The Economic Times, 6 January 1990. 

4. The Economic Times, 10 January 1990. 

5. The Hindu, 12 January 1990. 

6. The Hindu, 18 January 1990. 


Hyderabad 


G. Venkataraman 


DST questionnaire responses 

Comments from some more respondents 


Journals are important components of 
scientific research. Due to exorbitant 
cost and unusual delay in receipt of the 
journals from abroad, research work 
suffers. Whatever way it is done both 
the cost and delay in receipt should be 
reduced very significantly. 

D. P. Burma, Molecular Biology Unit, 
Institute of Medical Sciences, Banaras 
Hindu University, Varanasi 221 005 

1. It will be advisable to publish the 
major foreign journals of science in India 
provided the same publication schedule 
as in the parent country can be strictly 
maintained, they are no more expensive 
than in the parent country and are 
available in Indian currency, and those 
who still wish to import them are 
allowed to do so. 

2. To begin with it will be appropriate 
to try out only a few popular or semi¬ 


research journals like Scientific American, 
Nature and Science. 

A. Chakravorty, Department of Inorganic 
Chemistry, Indian Association for the 
Cultivation of Science, Calcutta 700 032 


1. Science and good scientific journals 
are international. Indian edition of any 
journal makes sense only if it can be 
produced more economically, without 
any delay, and for a sufficiently large 
number of interested readers. These 
conditions just cannot be satisfied in 
India. 

2. The informatics revolution can reach 
our scientists/engineers only through 
telematics. The use of electronic media 
in an organized and centralized way is 
the answer for providing access to 
scientific journals for all libraries. 

3. Popular and trade journals (S*&T) 


are vital media for propagating scientific 
culture in a country. The more indigenous 
these are, the more effective they will be. 
We must take pride in producing such 
journals ourselves. Imported books, 
journals, equipment, ideas,.. . have al¬ 
ready done major damage to the minds 
of our young students. 

K. L. Chopra, Indian Institute of Techno¬ 
logy, Kharagpur 721 302 


Allowing Indian editions of good foreign 
journals will be helpful in the following 
ways also. 

1. Small and remote institutions will 
also be able to subscribe to international 
literature within their financial resources. 

2. Publication of journals has become a 
profession to some since grants are 
manageable through various agencies. 
Naturally many useless journals have 
come into existence. Competition gene¬ 
rated by Indian editions will reduce the 
number of such spurious journals and 
will also help the existing good and 
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established journals to come up to inter¬ 
national standards. 

H. C. Gael Institute of Nuclear Medicine 
and Allied Sciences, Delhi 110 054 


It is high time that the ‘protectionism’ 
given to our R & D and publication 
activities is abandoned. Allowing foreign 
journals to publish in India would be a 
healthy competition to our own journals. 
In any case, restricting free and easy 
access to knowledge is against the ethics 
of science. 

M. S. Gopinathan, Department of Chemi¬ 
stry, Indian Institute of Technology, 
Madras 600 036 


A critical scientific mind needs browsing 
through a large number of relevant 
journals and periodicals irrespective of 
their origin whether India or elsewhere. 
When foreign journals have become so 
expensive in India, it is quite reasonable 
that we get them in Indian editions at 
comparatively low prices. 

P. Govindan, A.V.C. College, Mannam- 
pandal 609 305 


1. By artificially cutting out competition, 
we only create a world of incompetence. 
Competition is a necessary condition for 
nurturing excellence. 

2. Science is universal. To speak of 
Indian science is not to understand the 
nature of science itself. If science is 
universal, scientific publications should 
also be universal. I agree that nationalist 
sentiments find inappropriate expression 
in science even in advanced countries. 
But we need not follow these aberrations, 

K. T, Jacob, Department of Metallurgy, 
Indian Institute of Science, Bangalore 
560012 


Researchers, especially young ones, are 
not able to know what is happening in 
their areas of specialization. This difficulty 
comes in their way of producing first- 


rate research work of international 
standard. 

P. C. Jain, Department of Mathematics, 
Indian Institute of Technology, Bombay 
400 076 

In most of the Indian universities and 
post-graduate colleges, adequate facilities 
and environment for research are lacking. 
One big hurdle in the way is that 
foreign journals are expensive and each 
institution cannot afford to subscribe to 
them. If Indian editions of important 
journals are made available, a large 
number of students can be exposed to 
them, and with this, research aptitude 
among teachers and students can be 
generated. This will also help students 
and teachers to be well-informed about 
recent developments. 

S. L. Kakani, P.G. Department of Physics, 
M.L.V. Govt College, Bhilwara 311 001 

Awareness should also be created among 
members of Indian scientific communities 
to recognize and acclaim original research 
work of good potential even though 
they may be published in an Indian 
journal. The tendency to undermine a 
good publication, just because it is 
published in an Indian journal, is detri¬ 
mental to the progress of good Indian 
journals as well. Further, the reviewing 
standard of some Indian journals needs 
thorough improvement. Scientific journals 
should also be non-profit in nature. 

A, R. Khuda Bukhsh, Department of 
Zoology, University of Kalyani, Kalyani 
741235 

I do not consider it a good idea to try 
and bring in competition to the existing 
Indian scientific and technological jour¬ 
nals. However, I would urge the better 
part of the scientific community in the 
country to publish in Indian journals in 
spite of the fact that foreign journals are 
available within the country. Only this 
way can we raise the standards of Indian 
journals and make them competitive. 
Getting foreign journals published in 
India would help the scientific community 
to get at the latest work faster as with 


the existing practice there is a time lag 
of six to eight months before the journals 
are received. 

A. R. Prasanna, Physical Research Labo¬ 
ratory, Ahmedahad 380 009 

1. It has become increasingly difficult to 
subscribe to foreign journals with the 
meagre funds made available not only 
in the universities, where we expect 
much of the research activity to take 
place, but also in the national research 
institutes. It would perhaps be helpful to 
assess the number of scientists working 
in each discipline in the country to give 
priority to Indian editions on the basis 
of the number of working scientists in 
each discipline in case of paucity of 
funds for this purpose. 

2. It will be a great service to the 
scientific community in India if the best 
of the foreign journals can be made 
available at reasonable rates to univer¬ 
sities, where the main body of the 
Indian scientific community strives to 
do research. It will enable the bright to 
do research of excellence. 

R. Raghavarao, Physical Research Labo¬ 
ratory, Ahmedahad 380 009 

All steps must be taken to ensure that 
most of the Indian scientists publish 
most of their better papers in Indian 
scientific journals. Building up of Indian 
scientific journals, both in quality and 
quantity, is the single most important 
issue in my opinion. Building up journals 
is part of building up science in the 
country. 

G. Rajasekaran, Institute of Mathematical 
Sciences, Madras 600 113 

Competition with international publica¬ 
tions and access for many more scientists 
to good journals will only improve the 
quality of our own science and science 
reporting. In the sphere of science and 
technology protection only leads to 
slow progress and an unjustified sense 
of complacency. 

P. V. Sane, National Botanical Research 
Institute, Lucknow 226 001 
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Power generation through 
renewable sources of energy 


As a part of the Nehru Centenary cele¬ 
brations the Karnataka State Council 
for Science and Technology conducted a 
two-day seminar on the above topic on 
the 27 and 28 of November 1989, at the 
Indian Institute of Science, The seminar 
began with an inaugural address by 
C. L. Gupta of Aurobindo Ashram, 
Pondicherry. He reviewed the status of 
research in renewable energy in India 
and highlighted the successes in the area 
of biogas, wind energy and passive solar 
heating. He argued that if a renewable 
energy technology is used in a rural 
area, without assessing the needs of the 
people, the project was doomed to fail. 
He concluded his address by comparing 
the cost of various renewable energy 
technologies. 

The first technical session began with 
a talk by Sudhir Mohan of the Depart¬ 
ment of Non-conventional Energy 
Sources on Techno-economic conside¬ 
ration of solar thermal power genera¬ 
tion using line-focusing collectors. He 
discussed various techniques of convert¬ 
ing solar energy into electricity. He 
argued that the use of line-focusing 
collectors for generation of steam was 
the most appropriate for large-scale 
power generation. He highlighted that 
his technique had been used by a 
private company in California and they 
had an installed capacity of 200 MW. 
This is the largest solar-thermal power 
plant in the world and has demonstrated 
the technical viability of large-scale 
power generation using solar energy. 
Sudhir Mohan argued that these systems 
would produce electricity at the same 
cost as diesel generator sets. J. Srinivasan 
of the Indian Institute of Science 
discussed the potential of solar ponds 
for power generation. He showed that if 
0.5% of India’s area is covered with 
solar pond power plants, it would 
generate sufficient electrical energy to 
meet the electricity demand of India in 
1988. He argued that solar-pond-power- 
plants can produce electricity at a cost 
comparable to diesel-generator sets at 
very favourable sites that could be 
found in Tamil Nadu and Gujarat. He 
demonstrated, however, that the utiliza¬ 
tion of solar ponds to meet process heat 


needs would be more appropriate than 
power generation because of the thermo¬ 
dynamics penalty paid in the generation 
of power from low-grade heat. Vaidehi 
of Bharat Heavy Electricals Limited 
discussed the techno-economic feasibility 
of power generation using photovoltaic 
systems. She showed that for villages 
situated more than 10 km from the 
electrical grid, the photovoltaic system 
is cost-effective when compared to 
centralized thermal power generation. 
She presented other examples such as 
microwave repeater stations, signalling 
systems in railways, rural telephones, 
off-shore platforms, etc. 

The second technical session began 
with a talk by S. Krishnamurthy of 
Tamil Energy Development Agency 
who discussed the performance of wind 
generators installed in Tuticorin. He 
indicated that the installed capacity of 
this system was 1.1 MW and the 
system had delivered 46.5 lakh units to 
the grid. He discussed the wind clima¬ 
tology of Tamil Nadu obtained from 
intensive wind monitoring project. He 
highlighted the future plans for harnes¬ 
sing wind energy in Tamil Nadu. 

H, S. Mukunda of IISc discussed the 
development of a 100 kW wood gasi¬ 
fier-based power generation for Port 
Blair. He discussed the performance of 
the gasifier system and highlighted the 
ability of this system to work at an 
average diesel replacement rate of 70%. 
The consumption of wood was around 
1 kgAWh. Baliga of lISc discussed the 
economics of the wood gasifier-based 
power generation. The payback period 
was shown to be dependent on the cost 
of wood chips and plant load factor. 
The payback period for wood chips cost 
below Rs 0.50/kg and 8000 h of opera¬ 
tion was below 2 years. 

Soundranayagam of IISc discussed 
the potential of microhydel power gene¬ 
ration in the country. He highlighted 
the tremendous achievements of China 
in this area. He indicated that the cost 
of small hydroelectric system is highly 
site-dependent. He discussed the typical 
layout of a micro hydel power station 
using the example of a proposed plant 
near Mussorie. In this case the cost was 


shown to be around Rs 25,000/kW. He 
argued that the cost may decrease if a 
large number of micro-hydel power 
stations are installed on a regular basis. 

The third technical session began with 
a talk by Amulya Reddy on power 
generation using biogas. Based on a 
detailed analysis of the experience with 
the biogas plant at Pura in Karnataka, 
Reddy estimated the cost of electricity 
from biogas to be around Rs 1.50/k Wh. 
He argued that rural electricity should 
be provided through decentralized elec¬ 
tricity systems with grid-electricity as a 
standby. 

B. R. Pai of National Aeronautical 
Laboratory discussed the use of gas 
turbine engines to generate power using 
a variety of fuels. He considered fuels 
such as high speed diesel, natural gas 
and sludge gas. He provided detailed 
study of the economics of power genera¬ 
tion using different types of fuel. His 
analysis indicated the power generation 
using sludge gas was the most economi¬ 
cal. He demonstrated that a co-genera- 
tion system will be cost-effective if it is 
operated on a continuous basis and not 
on peaking mode. 

M. Ravindran of IIT, Madras discus¬ 
sed the uses of w^ve energy. He 
estimated the potential of wave energy 
along the 6000 km coast of India to be 
around 40,000 MW. He indicated that 
the use of oscillating water column as 
the most suitable method for converting 
wave energy to mechanical energy. He 
presented the details of the wave energy 
system to be installed near Trivandrum. 
This system is expected to generate a 
peak power output of 150 kW during 
the monsoon season. He estimated the 
cost of wave energy generation system 
to be around Rs 1/kWh if this system 
serves also as a breakwater. 

Prabhakara Rao of KSCST presented 
the technoeconomics of co-generation in 
sugar industry. He demonstrated that 
the use of improved technology results 
in the generation of surplus power in 
sugar industries. In Karnataka the 
potential for additional power is estima¬ 
ted to be 245 MW. The price of electri¬ 
city generated by this method is lower 
than conventional methods. He indi¬ 
cated, however, that to implement these 
ideas there is need to amend existing 
electricity laws. The present laws will 
not encourage sugar factories to generate 
excess electricity. 

The last session began with a talk by 
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Amulya Reddy on the comparative 
costs of electricity generation and con¬ 
servation. He provided a new and 
comprehensive approach for comparing 
different energy generation technologies 
and energy conservation. He demon¬ 
strated that the cost of nuclear power is 
higher than that of coal-based thermal 
power plant if reasonable interest rates 
are assumed. Hydro-electric power was 
shown to be always cheaper than 
nuclear power. Decentralized power 
generation such as biogas, producer gas, 
mini hydro and cogeneration into 
bagasse was shown to be cheaper than 
nuclear power. Energy conservation was 


demonstrated to be less expensive than 
all the above methods. He argued that 
in capital-starved developing countries 
there should be a greater emphasis on 
energy conservation. He highlighted the 
principle of least-cost planning in which 
the various options for bridging the 
demand-supply gap are taken up in the 
order of increasing cost. He cautioned, 
however, that the results presented by 
him were sensitive to the cost data that 
has been assumed. He observed that the 
ranking of the costs of different techno¬ 
logical options is essential for a rational 
sequencing of various options in the 
least-cost electricity planning. 


RESEARCH NEWS 

Recombinant gene therapy in the 
treatment of cardiovascular disease 

C. C. Kartha 


What distinguishes medical practice in 
the present century from that of earlier 
centuries is the impact of technology. 
Among the technological advances being 
made, recent excitement among medical 
men is caused by the rapid advances in 
somatic gene therapy research. 

It has been demonstrated that genes 
can be inserted by retroviral-mediated 
gene transfer into a variety of mamma¬ 
lian cell types like the blood-forming 
cells, liver cells, neural cells, and endo¬ 
thelial cells. The objective of these gene 
transfer studies is to find cure for 
genetically-based deficiency diseases. It 
is also possible to enhance the function 
of otherwise normal cells by gene 

:-Application of this principle 

we the clinical efficiency of an 
ble biomedical device forms the 
Df a recent article by Dichek 

a major cause 
">cular disease. 

1 


plasty). Recurrent occlusions are repor¬ 
ted after these procedures and to 
maintain the arteries patent, absorbable 
and nonabsorbable metallic stents have 
been in use. Many laboratories are 
involved in perfecting the use of these 
stents. An important clinical problem in 
these devices is thrombosis in the early 
period and re-occlusion due to cell 
proliferation in the late period. The risk 
of early thrombosis can be reduced if 
the stents are seeded with autologous 
endothelial cells before placing the stent 
in vivo. A distinct advantage would be 
gained if one could engineer the cells 
used for seeding, to express an increased 
anticoagulant or thrombolytic activity. 
This is precisely what has been accom¬ 
plished by Dichek et al. 

Dichek et al. have demonstrated that 
the gene encoding tissue type plasmino¬ 
gen activator (tPA is a naturally occur¬ 
ring anticoagulant in the body) could be 
introduced into endothelial cells by 
retroviral expression vectors. They have 
also successfully seeded these cells onto 
metallic stents in vitro and shown that 
the genetically modified endothelial cells 
continue to express tPA while still 
attached to the device. The amount of 
tPA produced by these cells is signi¬ 


The seminar concluded with a discus¬ 
sion on the financial incentives offered 
by various agencies for renewable energy 
sources. This seminar was unique since 
it was for the first time that the field 
data collected on the performance of 
various renewable energy technologies 
in India were discussed in detail. This 
demonstrates that renewable energy 
technology has reached a take-off stage 
in India. 

J. Srinivasan, Dept of Mechanical 
Engineering, Indian Institute of Science, 
Bangalore. 


ficantly greater than that normally 
produced by human endothelial cells in 
vitro. 

One may ask whether these in vitro 
results guarantee clinical efficacy. To 
answer this question, in vivo studies are 
required. Nevertheless, two other recent 
reports favour an optimistic view. In 
animal experiments, Nabel et al.^ de¬ 
monstrated that endothelial cells gene¬ 
tically modified in vitro express an 
indicator gene for atleast four weeks 
after implantation on denuded arteries. 
In another experiment, when dacron 
grafts seeded with genetically modified 
endothelial cells were implanted in 
arteries of animals, Wilson et al^ 
observed that, even after five weeks, the 
genetically engineered endothelial cells 
continued to express the introduced 
gene. 

These three reports together illustrate 
the potential for recombinant gene 
therapy in the treatment of cardiovascular 
diseases. 


1. Dichek, D. A. et al., Circulation, 1989, 80, 
1347. 

2. Nabel, E. G., Plantz, G., Stanley, J. C., 
Nabel., G. J., Clin. Res., 1989, 37, 521A, 
(abstract). 

3. Wilson, J. M., Birinyi, L. K., Salomon., R. 
N., Clin. Res., 1989, 37, 593A, (abstract). 


C. C. Kartha is in the Sree Chitra 
Tirunal Institute for Medical Sciences 
and Technology, Trivandrum. 
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Funding fundamental research 

Amulya Kumar N. Reddy 


Management science analysis of R&D expenditure shows that fundamental research is a low- 
expenditure activity. There is no such thing as inappropriate fundamental research, and only 
excellence must be the criterion for support. But while the community of fundamental researchers is 
entitled to uninterfering support, it must, in an essential quid pro quo, ensure improvement of the 
peer-review system and growth of excellence. 


A viewpoint on fundamental research 
can be formulated on the basis of the 
common management tool of ABC 
analysis. This tool involves the classifi¬ 
cation of activities or items into three 
classes: an A class that accounts for 
about 80% of the total expenditure on 
the activities or items; a B class, for 
15% of the expenditure; and a C class, 
for the remaining 5%. The purpose of 
such an analysis is to concentrate 
attention on the A activities or items 
without wasting time on the C-class 
items which account for a trivial part of 
the expenditure^ 

ABC analysis of R&D expenditure in 
many industrialized countries and in 
India shows that ‘development’ in R&D 
is an A-class activity, ‘relevant basic 
research and applied research’ a B«class 
activity, and ‘fundamental research’ a C- 
class activity. It must be pointed out, 
however, that fundamental research is a 
C-class activity (accounting for roughly 
5%) only from the point of view of total 
expenditure; its impact and the value 
that it adds are enormous and enduring. 

Since the cost of fundamental re¬ 
search is trivial and the return from it is 
far, far greater than the input, the 
conclusion is obvious: the roughly 5% 
(or even more, if requested) should be 
given for it, no questions asked. In 
return, the funders can insist that the 
community of fundamental researchers 
should itself spell out (perhaps via its 
academies) the steps that the community 
will take for improving the quality of its 
peer-review procedures. After that, the 
community of fundamental researchers 
and their academies must be left alone 
to be autonomous and self-governing 
vis-a-vis bureaucrats, technocrats and 
patrons, and government departments, 
agencies and ministries. 

If the funders take such a view, they 


will be practising what is widely pre¬ 
ached, viz. fundamental research needs 
no other justification than the fact that 
it is a root of culture, the basis of intel¬ 
lectual climate, and the source of 
inspiration for young minds. Further, if 
funders do not address questions of 
relevance to fundamental researchers, 
they have the right to ask that no 
fundamental researcher must be depri¬ 
ved of funds (even by his peers) on the 
grounds that his work does not have 
relevance. Thus, only excellence should 
be the criterion for support of funda¬ 
mental research, and not relevance. 
There is bad fundamental research and 
shoddy science, but there is no such 
thing as inappropriate fundamental re¬ 
search. 

All this is not happening. The first 
problem is that, unfortunately and un¬ 
necessarily, fundamental researchers 
themselves are on the defensive. They 
are taking pains to show that funda¬ 
mental research is essential for R&D 
and that science is essential for techno¬ 
logy. This is like trying to demonstrate 
that one wheel of a bicycle is more 
important than the other. They are also 
turning to history to show that funda¬ 
mental research has ultimately led to 
useful products and processes. This is 
falling, unwittingly, into the trap of 
justifying fundamental research on the 
grounds of discounted cash flow, which 
envisages and itemizes all future costs 
and benefits. But the benefits of funda¬ 
mental research cannot be foreseen and 
itemized. If they could, it means that the 
results are known before the research, in 
which case the research need not have 
been done. Hence, a management that 
uses discounted cash flow to justify 
fundamental research knows neither 
management nor discounted cash flow. 

The second problem is that there is 


certainly such a thing as inappropriate 
technology, which cannot justify itself 
by the criteria of utility and relevance. 
And technologists by and large do not 
shield fundamental researchers and en¬ 
sure that they do not have to justify their 
work on grounds other than excellence. 
In fact, inappropriate technologists may 
even divert attention from their own 
irrelevance by encouraging a critique of 
fundamental research on grounds of 
irrelevance. 

What is required, therefore, is a quid 
pro quo. The community of fundamental 
researchers must say: fundamental re¬ 
search is inexpensive; so, give us X% 
(say 5-10%), and, in return, we will 
evolve an increasingly better peer- 
review system and grow more excellence. 
For a peer-review system and excellence 
constitute a positive feedback loop— 
peer review begets excellence, and in 
turn, excellence begets better peer re¬ 
view. Thus the fundamental researchers 
must undertake to grow excellence and 
train scientists in return for autonomy 
and freedom from interference. And, in 
the quid pro quo, the funders must 
invest a trivial 5-10% and in return get 
excellence in scientists (good science) 
and scientists with excellence (scientific 
manpower). 


1. The point has been made well by 
Northcote Parkinson’s story of the 
committee meeting spending hours dis¬ 
cussing whether to construct a bicycle 
shed, and sanctioning the nuclear reactor 
in the last five minutes. 


Amulya Kumar N. Reddy is Chairman, 
Department of Management Studies, 
Indian Institute of Science, Bangalore 
560 012. He is also honorary adviser to 
the Planning Commission. 
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The International Geosphere-Biosphere 
Programme—A study of global change 

R. R. Daniel 


There is overwhelming evidence now that, consequent 
upon the industrial revolution of the nineteenth 
century, global trends have been set in motion that will 
cause increase of carbon dioxide in the atmosphere and of 
the global mean temperature. This is attributed 
primarily to increased fossihfuel burning and in¬ 
dustrialization. There is also ample evidence for 
anthropogenic increase in amounts of other trace gases 
in the atmosphere, like methane, nitrous oxide and 
chlorofluorocarbons (CFCs), which contribute to the 
greenhouse effect in a disproportionately large way (see 
Table). 

Global circulation models (GCM) developed for 
climate studies under simplified assumptions and 
without taking into serious account the important role 
of the biosphere indicate that the accelerating tech¬ 
nological advances, fossil-fuel burning and world popu¬ 
lation pressure would lead to a global warming of 
perhaps 3”5°C within the next century^’If this does 
happen, it is expected to trigger major changes in the 
patterns of climate in different parts of the world, a 
significant sea level rise, and a rapid increase in the 
frequency of occurrence of extreme natural disasters. 
The consequences of this for human life on earth, and 
particularly for the developing countries, can only be 
vaguely foreseen even by specialists. Furthermore, such 
a growing trend will compel all countries to spend 
increasing fractions of their national resources on 
environment-related programmes to safeguard their 
very survival. The associated national decisions and 
priorities will distort all existing situations, patterns and 
traditions. 

Palaeoclimate studies going back to about 150,000 
years have already established the intimate correlation 
between the level of greenhouse gases, global tempera¬ 
ture and global climate"^"The last major ice age, 
which saw glaciers in southern Britain about 15,000 
years ago, was associated with a decrease of global 
temperature®’^ by about 5''C. Although this field of 
study is still in its infancy, it is expected to yield 
valuable information in the future. It must be noted, 
however, that climate changes in the past were due to 
natural forces free of human intervention and extremely 


R. R. Daniel is Secretary, Committee on Science and Technology in 
Developing Countries, Asia Regional Office, 24 Gandhi Mandap 
Road, Madras 600 025. 


slow in growth. During the last 10,000 years the global 
temperature has remained steady, within about a degree 
Celsius of the mean. But what of the future? 

In any analysis of global climate and climate trends, the 
extreme complexity of the Earth system and its fragile 
environment must be kept in mind. On the one hand 
we have an intimately interconnected feedback system 
of oceans, land, atmosphere and the complex hierarchy 
of life forms from plankton to man. Linking them are the 
numerous geobiochemical processes, whose nature, 
magnitude and working are still to be scientifically 
and quantitatively studied and understood. Behind 
these processes are the natural forces due to solar and 
orbital variations, and from deep in the solid earth, and 
anthropogenic factors like fossil-fuel burning, deforest¬ 
ation and industrialization. During the past few decades 
we have witnessed an increasing number of inter¬ 
national programmes initiated by UN bodies and non¬ 
governmental agencies like the International Council of 
Scientific Unions (ICSU) to address the many topics of 
concern in environment and ecology (in the widest 
meaning of these terms). Nevertheless, many of the key 
geobiochemical interactions and the influence of human 
actions on environment still await serious quantitative 
studies owing to intrinsic difficulties and our past 
ignorance. Global climate models developed so far do 
not incorporate many of these important inputs. For 
this and other reasons (like the existence of positive and 
negative feedbacks) many scientists and others are of 
the view that the predictions of the existing GCMs 
cannot be relied upon and what we are witnessing are 
likely to be part of the climate fluctuations going on all 
the time. In view of such a situation, and the overriding 
consequences and implications to the well-being of life 
on Earth if the predictions are true, people in power 
and governments are in doubt over investing in projects 
that may have global change-related impact. Thus, 
both from a scientific viewpoint, and for developing 
and establishing credibility for long-term predictions of 
a new kind of geosphere-biosphere global model, there 
is a compelling and inescapable need to mount a new 
long-term, multidisciplinary, internationally co¬ 
ordinated project. This effort would require the 
development of our capability and expertise ‘to describe 
and understand the interactive physical, chemical and 
biological processes that regulate the total Earth 
system, the unique environment that it provides for life. 
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the changes that are occurring in this system, and the 
manner in which they are influenced by human actions’ 
(IGBP plan of action). This is the genesis of the 
International Geosphere-Biosphere Programme (IGBP) 
initiated by ICSU. 

Organization 

After a two-year study by a group of experts constituted 
as an ad hoc committee, ICSU decided on establishing 
IGBP in 1985. A Special Committee was then constituted 
by ICSU in 1987 to be responsible for planning and 
implementation of IGBP. The period 1987-90 is the 
preparatory and programme formulation phase; the 
operational phase will begin by 1990-91 and will 
continue for ten years in the first instance. The Special 
Committee has started preparations through a series of 
scientific meetings, workshops and consultations to 
define and sharpen the core programmes. The findings 
of these meetings are brought out as IGBP reports. 
There is already evidence that with more studies and 
consultations the scientific programmes are getting 
better oriented and focused to fill existing gaps, to 
identify key links, and to strike working arrangements 
with other international programmes. In parallel, the 
national IGBP committees are formulating their own 
plans and projects to participate in core programmes 
and to complement them. 

The Indian National Science Academy, which is the 
adhering body to ICSU, constituted a national 
committee for IGBP in 1987. This committee is 
currently in the process of identifying and formulating a 
national long-term scientific programme for IGBP. The 
work of the committee is actively supported by 
scientific departments and agencies of the Government 
of India. 

The scientific action plan 

Following what has been said so far one may say that 
the overall objective of IGBP is to develop, ultimately, a 
global predictive model tested and validated adequately 
to forecast with reliability future global changes over 

CURRENT SCIENCE, VOL. 59, NO. 3, 10 FEBRUARY 1990 


decades and centuries. It will also be necessary to have 
information on uncertainties in the predictive model in 
a quantitative way. How does IGBP hope to achieve 
this? 

The underlying themes 

It is clear that in order to realize the overall objective of 
IGBP, priority will have to be assigned to areas that 
deal with key interactions and significant changes on 
timescales of decades to centuries that are (a) likely to 
affect most life on this planet (biosphere), (b) likely to be 
most susceptible to human perturbations, and (c) most 
likely to lead to the needed predictive modelling 
capability. While it is true that there are numerous 
international programmes that deal primarily with 
single discipline-oriented studies, like the World Ocean 
Circulation Experiment, Man and Biosphere Programme, 
Global Atmospheric Research Programme and Global 
Energy and Water Cycle Experiment, there are not 
enough to cover the key interactions of multidisciplinary 
nature that fulfil the priorities described above. IGBP 
has in the first place tried to identify such themes. Four 
have been included so far. They are: 

(i) Documenting and predicting global change. Any 
global predictive model of the kind we need must 
incorporate in itself the quantitative connections 
between the geobiochemical processes as well as the 
physical and climate systems. It must also contain 
current and anticipated anthropogenic impacts. For 
this purpose we will need long-term series of global 
data and monitoring networks to document small 
future changes. Further, palaeoclimatic and other data 
for the past 30,000 years could be used in a powerful 
way to test models free from anthropogenic factors. On 
the other hand, any small trends to be detected in the 
future can be used to test the combined effects of 
natural and human impacts in the models. 

(ii) Observing and improving our understanding of 
dominant forcing functions. It is evident that global 
changes must come about because of certain driving 
forces. There are external forces such as solar and 
orbital changes, as well as solid earth processes like 
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volcanic eruptions and marine vents. Then there are 
effects of human action, like the release of CO 2 and 
other trace gases into the atmosphere, changes in land 
and water use, and industrialization. These give rise to 
a wide spectrum of secondary and tertiary effects 
covering the geosphere and biosphere. There are 
positive and negative feedbacks, making the total Earth 
system a very complex one indeed. Unless we identify 
and study such important links and feedbacks quanti¬ 
tatively, the model will remain incomplete. 

(iii) Improving our understanding of interactive phenomena 
in the total Earth system. Biological responses to 
physical and chemical changes in the environment are 
typically nonlinear. This becomes important when we 
consider that the anticipated global warming of the 
next half century could be of the same magnitude as 
experienced by the Earth’s ecosystems since the glacial 
maximum about 18,000 years ago®’^. The climate 
conditions projected for the near future are beyond the 
range of experience of the living organisms that have 
survived and adapted to the temperate and subtropical 
latitudes successfully as the Earth has warmed and 
cooled. 

(iv) Assessing the effects of global change that would 
cause large-scale and important modifications that affect 
the availability of renewable and nonrenewable resources. 
It is IGBP’s concern that the predictive capability for 
global change must also contribute in assessing the 
availability of natural resources for future generations. 
It is the hope that the predicted global changes will also 
be interpreted at local and regional levels in the global 
backdrop of changing patterns of temperature, precipita¬ 
tion, wind, etc. to the advantage of nations and regions. 

Research areas 

IGBP has carefully analysed and examined the under¬ 
lying themes to extract from them the research topics 
unique and essential for IGBP. Five such areas have 
already been identified and a Co-ordinating Panel (CP) 
already constituted for each. These are: 

CP-1 Terrestrial biosphere-atmosphere chemistry 
interactions 

CP-2 Marine biosphere-atmosphere interactions 
CP-3 Biospheric effects of the hydrological cycle 
CP^4 Effects of climate change on terrestrial eco¬ 
systems 

CP-5 Global analysis, interpretation and modelling. 

It is evident that all the above areas are highly inter¬ 
disciplinary and hence will require special efforts in co¬ 
ordination in terms of organization, scientific expertise 
and implementation. Indeed, it will require a new breed 
of scientists in good numbers to be introduced to IGBP 
and trained in such challenging areas. 

The next step is to develop one or more core projects 

I o/r 


for each area, which, over a period of time, will generate 
data and information most relevant and needed for 
IGBP. A number of such projects have been identified 
and are being focused and structured for implementation. 
Others are still in the making. There are some ongoing 
international programmes that are close to the goals of 
IGBP. In these cases IGBP will attempt a joint partner¬ 
ship with them. The core projects will usually be 
organized and managed by IGBP. 

Other scientific activities—the Working Groups 

(i) Data and information systems (WG-l ). International 
arrangements for the IGBP will have to be responsive 
to many challenges that transcend previous experience 
with collaborative scientific programmes. These challenges 
are presented by the range of disciplines involved, the 
need to blend new technology with traditional observ¬ 
ational techniques on a world-wide scale, the need to 
plan and sustain a co-ordinated research and docu¬ 
mentation effort over many decades, and the need to 
systematize and present in a timely manner both the 
conclusions and the basis for them on complex issues of 
substantial and growing public concern. Of particular 
importance are mechanisms relating to measurements 
and information systems. 

An obvious high-priority need of IGBP is that of 
securing remotely sensed data for a critical suite of 
global parameters largely from spacecraft. These 
include physical and chemical properties of the land, 
ocean and ice cover, land-use changes, indices of 
primary biological production over land and oceans, 
tropospheric and stratospheric distributions of trace 
gases, and solar inputs to the Earth system. These and 
other ground-based data available and to be collected 
are to be deposited in a data bank. Methods and 
procedures for quick, easy and universal data dissemi¬ 
nation will have to be worked out. 

(ii) Regional research centres ( WG-2 ). A network of 
IGBP (or global change) regional research centres will 
be designed to promote research on a regional basis. 
These centres will focus on interdisciplinary aspects of 
global change research. The number of RRCs is 
expected to be small (about 10) and to be located in 
different areas of the world on the basis of the scientific 
questions, geographic representativeness, existence of 
institutions of appropriate nature, and geopolitical 
considerations of national commitment, stability, etc. 
The RRCs should provide regional institutions with 
possibilities of expanding present interests towards 
global understanding and convenient access to global 
data sets. They would, especially, be involved in 
analysis, interpretation, synthesis and modelling of 
global change phenomena, and use this information for 
assessments and predictions at the regional level. Each 
RRC would develop differently according to site 
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specificity, scientific questions and other considerations, 
but common to all the centres will be a minimum 
structure that assures that it can meet the general 
objectives. 

(iii) Global changes in the past. Studies of the physical, 
chemical and biological parameters found in natural 
archives such as ice cores and tree rings, and in ocean, 
lake and terrestrial sediments have revealed a wealth of 
information on both the ‘natural’ and perturbed 
behaviour of the Earth system. Breakthroughs in this 
area, more than any other, have been responsible for 
the dawn of Earth system science. Quantitative 
information on global changes of the past can be used 
to put observed trends in contemporary data in 
broader context, to evaluate Earth system models, and 
to identify unknown and often important interconnec¬ 
tions between physical, chemical and biological processes. 

The national programmes 

The national committees of IGBP have a wide choice of 
activities. They can participate in the core projects 
formulated by the Special Committee for IGBP; in 
this case they will have to work under the overall 
management system designed by them. They can design 
activities which directly contribute to core projects as in 
the case of large river basin modelling. And they can 
formulate programmes that are primarily of national 
relevance but also make useful inputs to IGBP. 

India became a member of IGBP in 1988. The 
national committee constituted by the Indian National 
Science Academy is presently in the process of 
formulating a suitable long-term scientific programme. 
Under examination are activities like (a) geobiochemical 
dynamics of greenhouse gases and their sources and 
sinks, (b) estuarine ecosystems, with emphasis on the 
Bay of Bengal, (c) upwelling in the Arabian Sea and 
monsoon modelling, (d) Earth radiation budget and 
clouds, (e) palaeoclimate studies, and (0 modelling. 
These activities are being conducted with the participa¬ 
tion and support of scientists, as well as the Indian 
National Science Academy, the Council of Scientific 
and Industrial Research, the University Grants Com¬ 
mission, and the Departments of Science and Technology, 
Environment, Ocean Development, Space and Atomic 
Energy. The operational phase for IGBP being 
1990-91, the national committee hopes to be reasonably 
ready with its own programme of participation by then. 

Other activities still under discussion 

Human dimensions of IGBP 

Environmental changes have powerful impact upon 
human beings and trigger reactions from attempts to 
cope with the impact. The new scale of interaction 
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between environmental and social forces that has been 
gaining momentum over the last few decades is likely to 
increase more dramatically over the next century as 
industrial activity increases. The combined effects of 
population, energy and technology imply some colossal 
risk of disruption. Large-scale changes in temperature, 
precipitation, sea level, winds, etc. will affect resource 
availability, create new pressures and compulsions on 
individuals, communities and nations, and influence 
life-styles, values and altitudes, and, in general, human 
well-being. The repercussions and consequences will be 
varied and complex, and analysis will require the joint 
efforts of social scientists and natural scientists. 

Awareness creation and publicity 

We are dealing here with a global problem of immense 
dimensions and consequence. National boundaries lose 
their meaning in such a context. People at all levels and 
everywhere are to be made aware of the magnitude and 
complexity of the scientific aspects and human 
dimensions. It has to be made into a very relevant and 
personal problem to every individual. This requires 
making use of every channel of communication and 
different kinds of talent to convey the content and 
consequences with realism, objectivity and without 
exaggeration. Much has to be done in this direction in 
the future. 

Why India and other Third World countries must 
participate in IGBP 

We have already seen that IGBP is the most extensive, 
relevant and ambitious international scientific programme 
so far. It is truly a global programme and it has to do 
with the Earth and its environment as a single total 
system, transcending national boundaries. All humankind 
is on equal standing here. Scientists from every country, 
including the Third World, have a right and a duty to 
participate in it, and share its excitement and benefits. 
Because it is also a nationally relevant programme for 
all countries, the Third World must seize this oppor¬ 
tunity to strengthen its scientific base, build a self- 
reliant scientific leadership, and use them for national 
development. 

It is estimated that Third World countries cover 
approximately three-fourths of the terrestrial world. 
Many of them are situated in the tropical region, whose 
study is a very crucial part of IGBP. Thus the Third 
World countries have the opportunity of participating 
and contributing in a significant manner to IGBP. 

If the predictions of global changes are even approxi¬ 
mately borne out, all countries will haVe to spend 
bigger fractions of their national resources on environ¬ 
ment-related activities in the years to come. Further¬ 
more, it is inferred from models that even with a 
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relatively moderate sea level rise (in a matter of 10-20 
years), the frequency of extreme events (like cyclonic sea 
surges and coastal inundations), which are now very 
infrequent, may increase The effects of such events on 
Third World countries can be cripling economically 
and in terms of human well-being. It will therefore be 
most crucial for every Third World country to have its 
own small team of scientists who can advise the 
government on the possibility of such occurrences and 
provide information on the level of reliability of the 
predictions, the options consistent with national 
relevance, and the precautionary steps to be taken. 

Science and technology have become essential tools 
of development. Today’s scientific research is tomorrow’s 
technology. The scientific method and culture enable 
the people to develop the qualities of objectivity and 
rationality. It is therefore important for every Third 
World country to promote and support selected post¬ 
graduate teaching, training and research programmes 
that involve intellectual challenges and breed excellence 


and generate manpower in science and technology. 
IGBP involves all the ingredients of a national priority 
effort—challenges in basic science at the cutting edge; 
new and unexplored challenges in interdisciplinary 
sciences; opportunities of international and regional co¬ 
operation; special relevance to Third World countries 
on whom the impact of global change will be most 
acute; and immediate application potential in diverse 
fields of national relevance. 
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Integrated entomology: Fact or fiction? 

T, N. Ananthakrishnan 


Very few biological ideas have lent themselves to such 
incisive and intensive discussion as the species concept, 
which has occupied and continues to occupy a central 
place in biological thought. The modern synthesis of 
Huxley^ involving the integration of Mendelian 
genetics into evolutionary theory, can be said to be a 
turning point, paving the way for a meaningful inter¬ 
pretation of the species. While classical biology has 
been essentially descriptive, the necessity to involve a 
functional component was considered obligatory to 
accommodate the emerging pluralistic views on selection 
levels, enabling a better appreciation of the several 
kinds of ecological interactions resulting in the 
recognition of population-dependent diversity. With 
increasing emphasis being laid on biological diversity, 
an understanding of the variations within and between 
individuals, populations, species and higher taxonomic 
groups, and of genetic diversity manifested in poly¬ 
morphism and heterozygosity, has become obligatory. 
To be able to unravel possibly rare and unique 
genotypic and phenotypic traits, there is also a need for 
an assessment of how species respond to new environ¬ 
ments—physical and chemical—and how evolution 
functions in species adapted to stresses. The numerical 
and species abundance of insects, which show large 
intraspecific diversity, and play a major role in 
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agriculture, medicine and forestry, naturally demands a 
multidimensional approach to entomological problems. 

The recognition of the dynamic, plurimodal configu¬ 
ration of species has made it obligatory to adopt this 
integrated approach. However, in spite of the conscious¬ 
ness it has generated, it has not really taken off in this 
country, as is evident from the small number of publi¬ 
cations. Everything revolves around the species—whether 
it be taxonomy, biosystematics, ecology, genetics, 
molecular biology or biotechnology. Species being 
dynamic, plastic elements changing their genetic 
constitution under the influence of the physical factors 
of the environment, the relationship between genotype 
and phenotype, and reproductive fitness become essential 
aspects. Population studies directed at establishing 
variation patterns appear essential and basic to the 
proper definition of taxa, so that there is a shift from 
form to process and pattern. Studies^ on patterns of 
intraspecific diversity and implications of polymorphism 
in mycophagous Tubulifera have highlighted the degree 
of ‘expression and suppression’ of characters of indi¬ 
viduals at different levels in a population, making 
taxonomic studies ‘a communicable generalization of 
patterns discernible in natural diversity’. While alary 
polymorphism tends to result in ovarian diversity, a 
combination of this feature with oedymery and 
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gynaecoidy results in a variety of mating combinations 
and variations in egg output^. In the words of 
Dobzhansky (see ref. 6), the genotype does not give rise 
to the phenotype, but to a range of possible phenotypes. 
The ‘norm reaction’ is the entire range, the whole 
‘repertoire’ of variant pathways of a given genotype in 
all environments—favourable, unfavourable, natural or 
artificial. Therefore the morphological species concept 
tends to mislead in cases of polymorphic diversity 
within species and has often far-reaching practical 
effects in the fields of biological control and medical 
entomology. 

Though the degree of morphological differences is a 
useful criterion, a more meaningful approach is to 
integrate it with population studies in view of species 
being dynamic reproductive communities comprising 
ecological and genetic units involving a large, inter¬ 
communicating gene pool. The recognition of the role 
of pleiotropism affecting two or more characters is 
equally important, since the potential phenotypic effects 
of such genes have an important role in evolution. It 
suffices to indicate that both pleiotropism and poly- 
genism tend to produce a multiplicity of phenotypes. 
Population-oriented ecological studies enable identi¬ 
fication of polymorphism, so typical of insect populations, 
as well as a better appreciation of the diverse types of 
polymorphism—phenotypic, chromosomal, genic, bal¬ 
anced or transient, etc. Studies on chromosomal and 
genic polymorphism have widened the scope of ecologi¬ 
cal genetics, providing instances of genetic strategies in 
response to varying environments. 

Many instances are on record where two or more 
allelic variants occur at the same gene locus and 
differential action of these alleles affects the chances of 
survival and reproduction. What is being emphasized is 
the direct relationship between the extent of genotype 
variation at a gene locus and the rate of increase in 
fitness of a population. Large-scale genetic variation 
has important implications. The best example would be 
insect resistance to pesticides, which has been recorded 
for about 250 species of insects. Genetic variants 
resistant to diverse types of pesticides tend to occur in 
every population subjected to pesticide treatment. The 
increasing problems confronted in biological control 
programmes, as well as the impact of biotypes or 
siblings in insect vector species, not to mention the 
frequent occurrence of intraspecific diversity in several 
pest species, have led to ecobehavioural, physiological, 
cytogenetical and biochemical approaches to a better 
assessment of the concerned species. 

Biological data on food preference, habitat diversity, 
breeding sites and times, and behavioural diversity 
provide important insights. One has to keep in mind 
that the rate of increase of a population, as indicated by 
the innate growth-rate constant, resulting from internal 
physiological factors, also involves direct environmental 
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effects—interspecific and intraspecific competition and 
other kinds of interaction. Recognition of semeleparity 
or iteroparity among populations of a species or 
cyclical parthenogenesis or alternate mating strategies 
which also involve the impact of biochemical components 
of host tissues on the efficiency of reproduction, as well 
as bioenergetics involving the energy expended by 
different species or individuals of a species during their 
life cycle, has become meaningful components. Highly 
adapted differences between closely allied species still 
await discovery in relation to several species complexes 
through more intensive studies on the behavioural 
ecology of the species. Of immediate relevance to 
problems of applied entomology is the need to correlate 
taxonomic differences with adaptive differences. In this 
connection the occurrence of biotypes has added yet 
another dimension to population ecology. Several 
insects are known where reproductively isolated sym- 
patric forms occur, which are morphologically indistin¬ 
guishable. Interestingly the recombinants of their genes 
produce hybrid breakdown and developmental dishar¬ 
mony. There can be no better examples than several 
complexes known in the genus Drosophila. One of the 
most striking instances relate to the malarial vector 
Anopheles maculipennis in Europe, where six species 
were confused under this name, the adults being 
indistinguishable, but the diagnostic colour patterns of 
their eggs, the mode of arrangement of their egg-floats, 
mating habits and gene arrangements in their chromo¬ 
somes confirmed this proven vector. Similarly Anopheles 
culicifacies chromosomes have been shown to be a 
complex with three siblings on the basis of chromosomal 
inversions and such forms have been known to have 
varying transmission rates^. Another striking instance 
relates to the differential ability of Nilaparvatha lugens 
the brown plant hopper to attack different rice strains. 
Differences in feeding behaviour, nutritional requirements, 
growth and reproduction, survival, isoenzyme patterns 
of insecticidal resistance are typical of the bio types of 
many of these insect vectors of plant and human 
disease. The evolution of insect biotypes has also posed 
a fresh problem for forest pest management, since the 
differences in reproductive cycles between host and the 
insect tend to be considerably high with literally 
hundreds of insect generations during a single host 
generation time. 

Another aspect demanding attention relates to the 
fact that in certain insects different degrees of mutual 
stimulation between individuals comprising populations 
of different densities lead to the appearance of distinct 
physical types or ‘phases’ which differ in their physio¬ 
logy and behaviour. Nowhere has this been proved 
better than in locusts which has enabled entomologists 
to recognize the solitary and gregarious phases and the 
role of play in locust biology. Such group effects are 
also known in several acridids, gryllids, as well as 
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lepidopteran caterpillars. Mention may also be made of 
several sibling species differing spectacularly in song 
patterns as in crickets and cicadas, the songs being 
associated with' courtship and recognition behaviour. 

Photoperiod and form determination is an aspect 
that cannot be ignored in view of the production of 
diverse types of morphological inconsistencies within 
species. The structural diversity of male genitalia (so 
often used in determination of taxa), breaks down in 
several instances as in the case of the leaf hopper 
Euscelis lineolatus now known to be a complex of seven 
different seasonal forms, once described as distinct 
species®. Of equal relevance is the variation of 
ovipositor lengths relation to life cycle patterns and 
habitat preference. If closely related species prefer 
habitats of clearly different types, the habitat factors 
should differentiate ovipositor length; on the contrary if 
they share the same habitat, the life cycle differences 
would be a key factor in differential relation of 
ovipositor length^. 

The utilization of modern techniques in biological 
research has further facilitated an indepth understanding 
of the dynamics of species. A better appreciation of 
cladogenesis or the process by which one species splits 
into two or more has been possible through genetic 
comparisons between species, genes with identical 
nucleotide sequences coding for identical proteins, and 
proteins with different amino acid sequences being 
coded by different genes. Biochemical and serological 
techniques with their ability to distinguish between 
macromolecules provide a most precise definition, 
implying a sort of comparative assessment at the 
molecular level. Diverse types of electrophoretic 
techniques from paper to polyacrylamide gel have 
adequately demonstrated their usefulness in protein 
studies. Since individual proteins characterize a particular 
species, a better appreciation of speciation results from 
a knowledge of protein structure. Combinations of 
procedures for studies on haemolymph proteins of 
insects make use of serology and electrophoresis. On 
the basis of limited studies on insect proteins it has 
been demonstrated that considerable variation exists, 
where their structure is modified over time. The ‘protein 
spectrum’ concept has revealed that mutation and 
selection may alter or impart considerable structural 
variability to labile proteins, as in the case of haemo¬ 
globins and certain dehydrogenases etc., which have 
shown that they are capable of responding to selection 
pressures in the course of adaptation to the physical 
environment. One of the finest examples of biochemical 
characters as sensitive indicators of divergence relates 
to the blattids, where on the basis of GDH mobility 
(gjucophosphate dehydrogenases) of their thoracic 
tissues through 'electrophoretic analyses, it has been 
possible to identify species-specific GDH fractions. In 
Trichogramma species isozyme analysis of different 
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enzymes has enabled discovery of sibling species. The 
use of esterase isozyme analyses has been suggested for 
Trichogramma taxonomy which is complex and confusing. 
Electrophoretic banding patterns for malic enzyme, 
phosphoglucomutases and phosphoglucose isomers 
have enabled biochemical differentiation of 14 species of 
Trichogramma ^ ®. 

Allozyme studies form a newly developed area focusing 
on adaptation at the population level. The biochemical 
phenotypes of many polymorphisms as indicated above 
are poorly understood, so that biochemical characte¬ 
rization of enzyme variants goes a long way in better 
interpretation of their adaptive significance. Such a 
study would interrelate allozyme function, physiological 
consequences and fitness differences. Intraspecific vari¬ 
ation of the biochemical characters may even be 
sensitive indicators of divergence than morphological 
characters and such characters are useful in phylogenetic 
studies. Incidentally it may be indicated that phylo¬ 
genetic systematics emphasizes that the multiplicity of 
structural differences between species can be more 
meaningfully interpreted through recognition of the fact 
that such differences between them as physiology, 
morphology, behaviour, ecology have evolved in the 
course of phylogeny^^ Needless to say that with the 
availability of HPLC, GLC-MS-IR techniques it has 
become possible to determine the diversity spectrum of 
species-specific chemicals and incidentally the behavioural 
diversity of insects. 

This leads us to the question of the role of host 
plants in the dynamics of insect species. Recent studies 
on the origin of insect races and speciation in certain 
phytophagous insects have led systematists to revise 
their ideas concerning speciation. Rapid establishment 
of new races by insects on introduced plants has led to 
suggest that races and species may arise sympatrically. 
This has been clearly demonstrated in the membracid 
Enchenopa binotata which is a polyphagous species. 
Biological differences existing among these insects 
native to each species of host plant have indicated 
genetic differences among host plant tissues. Studies on 
genetic differentiation between populations and host 
races indicate that the presence of alleles in high 
frequencies are fixed in one host race, absent or in low 
frequencies in another, suggesting that these host races 
represent separate gene pools Bush^^ suggested that 
shifts in host plant races promote sympatric diversity. 
Allochronic shifts in life histories or adoption of new 
host plants by phytophagous insects have been 
implicated in the formation of host plant races and 
reproductive isolation. An equally interesting example 
relates to the distribution of aphid species inducing 
galls on Pistacia. While they are generally host-specific, 
one species is known to occur on three host plants, but 
electrophoretic analyses revealed the consistent difference 
in esterase patterns, implying that although galls and 
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Host plant phenology 


Age-correlated host tissues 

1 


Young leaves 


Mature leaves 


Senescent leaves 




Reproductive tissues 

i 


Insect herbivore 





4 
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Flavonoids 
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Carbohydrates 

Proteins 

Lipids 
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Antibiotic defenses 


I Change in fecundity leading to fluctuation_^Action of natural enemies due to chemicals 

in population acquired from plant tissues 


II Preferential feeding and host plant 
switching 


III Excessive defaecation 


a. Frass 

b. Egg 

c. Host cuticle 

d. Adult Insect 


Pest Suppression/Development of resistant strains 
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the aphids are morphologically indistinguishable, they 
may be genetically different 

Of added interest are the studies now pursued at the 
Entomology Research Institute relating to antibiotic 
effects of some secondary plant substances in regard to 
age-correlated biochemical changes of host plant tissues 
on insects, wherein larvae of the same species show 
behavioural diversity and changes in reproductive 
potential, besides the varied responses of biocontrol 
agents to the volatile and non-volatile substances of the 
frass of the insects, indicating the significance of such 
basic information on the behavioural dynamics of the 
species. The integrated entomology concept can no¬ 
where be better illustrated than in the possible 
pathways of development of resistant pest strains/ 
parasites in phytophagous insect populations (see 
chart). 

Modern biochemical and genetic methodologies have 
enabled accumulation of very relevant data useful for 
biotechnology. Knowledge of the identity, distribution, 
bioenergetics of endemic organisms is a key resource for 
biotechnological research. The development of genetic 
libraries of diverse organisms and evolutionary questions 
of systematics are major driving forces for biotechnology/ 
molecular biological areas. As such intimate inter¬ 


actions between systematists, ecologists and geneticists 
in the identification of relevant species and traits for 
biotechnology application appear essential components'^. 
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Dinuclear complexes of platinum(II) 


Vimal K. Jain 

Chemistry Division, Bhabha Atomic Research Centre, Bombay 400 085, India 


A brief review on dinuclear platinuni(ll) compounds, 
including general synthetic, methods, their chemical 
reactions and important structural features is presented. 
The chemistry of [Pt2X2(/x-Y) (/X“Z)2L], hydrido- 
bridged, cyclometalated compounds and the complexes 
stabilized through ligands of small bite of the type 
X2EYEX2 is discussed. The complexes, [Pt2X2(/t“Y) 
(/f-Z)L2] exist in cis and/or trans configurations and 
in most cases interconversion between the two isomers 
occur readily in solution. The dinuclear platinum(Il) 
complexes undergo a wide variety of reactions. Of them 
bridge splitting reaction is of considerable importance. 


There has been considerable interest in the chemistry of 
dinuclear platinum(ll) complexes. They have an 
attractive potential for homogeneous catalysis^ and 
for the synthesis of mixed ligand mononuclear 
platinum(II) complexes which are otherwise difficult to 
prepare. The dinuclear complexes undergo a variety of 
reactions and give novel products. Except linearly 
stacked platinum(II) compounds where partial 5 d- 6 p 
mixing leads to significant shortening of Pt-Pt 
distance*^", the dinuclear platinum(II) complexes 
(d^-d^) lack a metal-to-metal bond, but are stabilized 
through bridging ligands. The metal atom in such 
complexes generally adopts a square planar geometry. 
Of the three possible isomers (I-III) the complexes of 
the type [Pt2X2(/f-Y)(^-Z)L2] generally exist in the 
sym-cis and/or sym-trans isomeric forms and, in most 
cases interconversion between them occurs readily in 
solution. 


heating the mononuclear complexes [PtX2(ER3)2] with 
PtCl2 in the absence^®’or in the presence of a high 
boiling organic solvent^ The method of preparation 
may yield sym-cis or sym-trans isomer as reportedin 
the case of [Pt2Cl2i/^-Cl)2(PPh3)2]. Treatment of 
[PtCl2(PR3)2] with PdCl2 or [PdCl2(PR3)2] with 
PtCl2 gives heterobimetallic complexes [PdPtCl2 
(/i-Cl)2(PR3)2]- A better route to tertiary stibine com¬ 
plexes [Pt2Cl2(itx-Cl)2(SbR3)2] involves the reaction^ ^ of 
SbR3 with the Zeise’s dimer, [Pt2Cl2(ju-Cl)2(CH2 = 
CH2)2]; however, this reaction with phosphines or 
arsines gives monomeric complexes. The above methods 
could not be employed for synthesis of dimeric 
platinum(II) complexes involving bulky phosphine 
ligands. The slow addition of P-CHX3 (tricyclohexyl- 
phosphine) to Zeise’s salt, K[PtCl3(CH2 =CH2)] in 
acetone affords the desired product, [Pt2Cl2()U-Cl)2 
(P-cHx 3)2] in 70 % yield^^. Similarly, diolefin can be 
replaced from [Pt(COD)l2] (COD= 1 , 5 -cycloacto- 
diene) with half an equivalent of phosphine (PBZ3, P- 
cHx 3, PPh-cHx2, PPh2-cHx, PPh2C6F5) to give the 
dimeric complexes^^ [Pt2l2(M-^)2(PR3)2]* 
Chloro-bridged dimers of piperidine, aniline and 
pyridine have been reported^ A general 

method^^ to synthesize such complexes is shown in 
equation (1). 


CIS-Ptl2L2 


HC104 

H 2 ”^ 


$ym-trans [Pt2l2(iW“I)2 ^2] + 2 LH ^ 


(L= nitrogen donor ligand). 


( 1 ) 


L Y 

/ V \ 


(UX^ 

/t Pt 
/ \/ \ 

IX)L Z L{X) 


\ /\ 

/ \ /'\ 

X Z L 


osym 

I 


sym- as 

II 


sym - trans 

III 


A brief review of the subject, including synthesis, their 
chemical reactions and important structural features, is 
presented here to illustrate the trends that are emerging 
in this area. 


Dinuclear complexes containing bridging atoms 
from group V-VII 

Synthetic aspects 


The halo-bridged organoplatinum(II) complexes 
[Pt2R2(/^-X)2(PR3)2] have also been prepared^ as 
shown in equations ( 2 )“( 7 ). Organomercury and 
organotin compounds appear to be excellent reagents 
for the synthesis of such complexes. Attempts to isolate 
the corresponding methyl complexes by employing 
Me4Sn in eq. ( 5 ) lead to excessive decomposition of the 
product^^. However, tetramethylin reacts with [Pt2Cl2(Ai- 
Cl)2(PMe2Ph)2] to give [Pt2Me2(iU-Cl)2(PMe2Ph)2]^^ 
but the reaction is quite complex (eq. ( 7 )) and it is 
difficult to isolate the pure product^® free from trans- 
[PtCl2(PMe2Ph)2]. 

[Pt2X2(iU-X)2(PR3)2] + PhLi [Pt2Ph2(/^-X)2(PR3)2] 

(2) 

(X = Br or I, but not Cl), 


Dimeric halogen bridged complexes of the type [PtR'Cl(COD)] 4 -PR3[Pt2R2(iU-Cl)2(PR3)2] ( 3 ) 

[Pt2X2(Ai-X)2(ER3)2] (E= P, As or Sb) are prepared by (R' = Ph, COPh; PR3= PMePh2, P-o-tol3, P-CHX3), 
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[PtCl 2 (CO)L] + Me 3 SnR ^ [Pt 2 (COR) 2 (M-Cl) 2 L 2 ] 

+ Me 3 SnCl, ( 4 ) 

[PtCl 2 (alk)L] + Me 3 SnR [Pt 2 R 2 (M-Cl) 2 L 2 ] 

+ Me 3 SnCl ( 5 ) 

(L = tertiary phosphine; R = aryl; alk = CH2 = CH2), 

[PtPh(Cl)(DMSO) 2 ] + X- [Pt 2 Ph 2 (/i-X) 2 (DMSO) 2 ] 

+ Cl- (6) 

(X = Br, I and SCN), 

CPt 2 Cl 2 (A'-Cl) 2 (PMe 2 Ph) 2 ] + Me 4 Sn -> 
cis, rra«s-[Pt2Me2(;i-Cl)2(PMe2Ph)2] + trans- 

[PtCl2(PMe2Ph)2] + Pt(metal)+ Me3SnCl. ( 7 ) 


2[PtCl2(PMe2 Ph)2] + 2 Na2S -> [Pt2(/i-S)2(PMe2Ph) J 
2[Pt(EH)2(PPh3)2] + NaOEt^[Pt2(A^-E)2(PPh3)4] 

(E = S or Se) 


2 [Pt(PR 3 ) 4 ] + Ss [Pt2(/r-S)2(PPh3)4] 
[Pt 2 (/i-S)(/r-SMe)(PPh 3 ) 4 ] + 


Mel 


[Pt(SR') 2 (PR 3 ) 2 ]^ 


^[Pt 2 (/^-SR') 2 (SR') 2 (PR 3 ) 2 ] 

N5--[Pt2(/i-SR')2(N02)2(PR3)2] 


[PtCUTeCe H4 OMe- 4 )]„ 

[Pt 2 Cl 2 (/r-TeC 5 H 40 Me- 4 ) 2 (PPh 3 ) 2 ] 


Reaction of platinuin(n) chloride with (C6F5)MgBr 
yields binuclear complexes^^ isolated as tetrabutyl 
ammonium salts, [Bu4.N]2[Pt2(/^-Br)2(C5F5)4]. This 
salt reacts with silver perchlorate in THF to give a 
mononuclear THF adduct [Pt(C6F5)2(THF)2], which 
is an important precursor for a variety of reactions^^. 
Metathesis of chloro-bridged complexes with alkali 
metal or silver salts (Nal, LiBr, AgOOCR, KSCN) 
yields the corresponding X-bridged complexes^^’^^’^"^. 

The halogen-bridged dinuclear platinum(n) com¬ 
pounds with olefin ligands are well known with the 
Zeise’s dimer, [Pt2Cl2(/^~Cl)2(CH2==CH2)2]; the salt 
K[PtCl3(CH2 ==CH2)] being the oldest organometallic 
compound. The Zeise’s dimer is usually prepared by the 
action of K[PtCl3(CH2 = CH2)] with HCl in ace- 
tone^^'^®. Other dinuclear olefin complexes are readily 
obtained by the reaction of olefin with the Zeise’s 
dimer, the volatility of ethylene facilitating its displace¬ 
ment^^. Interestingly, when polar olefins are used, 
or both types of complexes are formed^^*^^ (eq. ( 8 )). 
Zeise’s dimer can be methylated with mild methylating 
agents, viz. [Pt2Me4(/!-SMe2)2] to give the methyl 
derivative [Pt2Me2(/i-Cl)2{CH2 =CH2)]. When strong 
methylating agents like MeLi or MeMgX are used, 
excessive decomposition occurs"^®. 


[PtCl2(/^-Cl)2(CH2 = CH2)2] + R2C = CH2 



( 8 ) 


(R = Polar organic group like OMe or Me2N) 

Dinuclear compounds of platinum'(n) with E^”, 
RE~, and R2E (E = S, Se or Te) type of ligands are 
known and all of them involved hetero-atom bridges. 
Preparative methods^’for complexes containing 
and RE” ligands are shown in Scheme 1 . 

The dimeric platinum (II) complexes having ER2 
ligands have been synthesized by various methods^ 


[PtCl(SCF3)(PPh3)2] ^^-[Pt 2 (M-SCF 3 ) 2 (PPh 3 ) 4 ]X 2 

[Pt2Cl2(/^-SMe)2(PR3)2] + 2PR3^^5BFi, 

[Pt 2 (/i-SMe) 2 (PR 3 ) 4 ][BF 4]2 

_ LiSR^ 

[Pt2Cl2(Ai-Cl)2(PR3)2] [Pt2Cl2(/^-SR')2(PR3)2]^ 

Pt 2 Cl 4 (PR 3)2 

[Pt2 CI2 (/i-Cl) (/i-SR') (PR3 >2 ] 

-[PtCl2(py)(PR3)] - 

Scheme 1 

However, a general route appears to be the treatment 
of monomeric [PtX2(ER2)2] with Na2PtX4 in ethanol 
The platinum complexes have the dialkylsulphide- 
bridged structure while the analogous palladium 
derivatives^^ exist in the usual halo-bridged configura¬ 
tion. The mononuclear [PtCl2(R2S)2] on treatment 
with MeLi or Me2Mg yields [Pt2Me4(ju-SR2)2]^'*’- 

Structural features 

The cis and irons configurations of [Pt2X2(M’*Y)2L2] 
complexes depend on the nature of X, Y and L. In most 
cases, interconversion between the two isomers occurs 
readily in solution and on recrystallization only one 
isomer is obtained as in the case of [Pt2(COEt)2 
(jU-Cl)2(PMe2Ph)2]. The halogen- or thiocyanato-bridged 
complexes, [Pt2Cl2(/^-Y)2(ju-Y)2L2] exist in the trans 
configuration, but when X = alkyl, aryl, acyl or aroyl 
group, they isomerize in solution^^’^'*'. However, for 
[Pt2Me2(/x-Cl)2(PMe2Ph)2], Puddephatt and Thom¬ 
psons^ incorrectly assigned the cis configuration. 
Subsequently we showed^^ that the complex exists in 
cis and trans forms similar to other aryl or aroyl 
derivatives. 
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The geometry in mercapto-bridged complexes is 
largely governed by the R' group on sulphur. Alkylthio 
complexes prefer the cis geometry while the arylthio 
derivatives exist in the trans configuration"''^. The 
chloro-mercapto bridged complexes invariably adopt a 
cis configuration^’"^^’^^, however, when X = SnCl3 trans 
product forms exclusively^. In trifluoromethyl mercapto- 
bridged complexes syn and anti isomerism has also been 
observed and the formation of such geometrical isomers 
depends on the nature of the phosphine and the prepa¬ 
rative method^®. A conserted mechanism for inversion at 
sulphur atoms in dimercapto compounds has been 
proposed and the rate of inversion"^^ at sulphur is found 
to increase with increasing trans influence of X. 

The complexes [Pt2X2(/i“Y)2L2] can adopt one of 
the following structures (IV-VI) as expected for 
metal complexes. The lialogen-bridged complexes of 
platinum(II) usually adopt the flat square-planar 
arrangement (IV), while the mercapto-bridged com¬ 
plexes exhibit the hinged square-planar geometry (V). 
The dihedral angle {d or hinge angle) in V varies from 
121 to 141 ° in platinum(Il) complexes"''"^’ 


and 181-204 cm for bromo-derivatives, and 177 - 205 , 
166 ±3 and ~ 150 cm“^ for iodo-complcxcs. The 
highest frequency vibration is associated with the 
terminal Pt~X stretch, the intermediate for the Pt-X 
(bridging trans to X) and the lowest frequency 
absorption to the Pt-X (bridging trans to L) stretching 
modes, respectively. 

^^P and ^^^Pt NMR spectra of a number of 
dinuclear platinum(II) complexes have been repor- 
tedi^*i 7 . 59 , 61-63 isomers of 

[Pt2X2(/i“Y)2(PR3)2] exist in a dynamic equilibrium 
and their ratio depends on the solvent, X and PR3 
ligandCone angle data (6) of Tolman^"*^ provide a 
general trend of ^J(Pt-P). As d decreases, ^J(Pt-P) 
increases^"^. The magnitude of ^J(Pt-P) for the trans 
isomer is a few tens of Hz smaller than the 
corresponding cis isomer^, although some of the 
authors have assigned the reverse order^^. The ^^^Pt 
chemical shifts range for dinuclear platinum(II) com¬ 
plexes is < 5-3034 to - 2597 ppm relative to Na2 PtCl^ as 
reference; cis complexes being upheld (lower frequency) 
relative to the trans isomer by ^^375 pprn^^’^^. 


pt Pt -— pt ^pr 


Flat square planar 


Hinged square-planar 


F.dge-shared tetrahedra 



.S-C=N\ / 
•Nsc-S-'^ \ 

PR3 





.Cl 


PR 


3 


cx- isomer 


0 -form 


IV V VI 

The aroyl complexes, [Pt2(COAr)2(//-Cl)2(PR3)2], 
establish an equilibrium with [PtCl(Ar)(CO)(PR3)] in 
chloroform solulion. The monomers have the geometry 
in which the aryl group is trans to PR3 and readily 
undergoes carbonyl insertion process^However, the 
other two isomers, viz. aryl trans to CO and aryl trans 
to halide, do not promote CO insertion, but readily 
interconvert by a reversible CO loss to [Pt2Ar2 
(M-C1)2(PR3)2]''. 

The hetero-binuclear complexes, [PdPtCl2(M-Cl)2 
(^^3)2] equilibrate in solution with the symmetrical 
species [Pd2Cl4(PR3)2] and [Pt2Cl4(PR3)2] which are 
always in 1:1 molar ratio. This equilibrium is 
temperature independent but is influenced by excess of 
either one of the dimers^ 

2[PdPtCl2(iU-Cl)2(PR3)2]-[Pd2Cl2(/(-Cl)2(PR3)2] 

+ [Pt2Cl2(^-Cl)2(PR3)2]. 

The above dynamic equilibrium establishes instan¬ 
taneously when equimolar solutions of symmetrical 
dimers are mixed 

IR spectra of a series of [Pt2X2(/^-X)2L2] com¬ 
plexes have been recordedand three distinct regions 
of absorptions due to metal halogen stretchings have 
been identified. These are 330 - 368 , 312-331 and 
257-301 cm“^ for chloro-complexes, 249 - 253 , 209-213 


X-ray crystal structures of a number of platinum(ll) 
complexes have been determined^"^’"'^'^’"'^^’^^’"^^*®"^'’^^. 
The structures of [Pt2Cl2(iW-Cl)2(ER3)2] (ER3 = PPr3 
(ref. 66), AsMe3 (ref. 67 )) consist of two square-planar 
platinum moieties sharing an edge with the platinum 
atoms bridged unsymmetrically by the two chlorine 
atoms. The Pt-Cl bond length trans to E is '^O.l A 
longer than the Pt-Cl (bridging) trans to chloride 
( 2.3 1 A) in accordance with the strong trans influence of 
the ER3 ligand. The thiocyanato complex, [Pt2Cl2 
(/x-SCN)2(PPr3)2] exists in a- and j8-forms^®. In the a- 
form, phosphines are trans to N of SCN groups while in 
the p isomer, they are trans to bridging S (ref. 67 ). 

Reactions 

The halo-bridged dimeric platinum(II) compounds are 
versatile molecules and excellent starting materials for 
the synthesis of mixed ligand complexes, [PtX2LL']. 
The halo- and alkoxo-bridged dimers can be cleaved 
with several types of molecules (L'). Depending on L, U 
and the reaction conditions they yield cis and trans 
isomers^’The strength of bridge bonds 
increases in the series Cl<Br<l and Cl<Et2PO< 
RS<R2P. Addition of phosphine at low temperatures 
to [Pt2Cl2(/i-Cl)2L2] gives ionic complexes, [PtClL3]^ 
and [PtCl3L]”' as major products rather than the 
neutral derivative [PtCl3L]^’^. 
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The dimercapto-bridged compounds, [Pt2Cl2 
(;i-SR')2(PR3)2] and the hydroxo-bridged complexes’’®, 
[Pt2(Af-OH)2U][BFj2 (L = py, PEtj, PPha) are in 
general resistant to bridge cleavage, but complexes 
having arylthio or SCF3 bridging ligand undergo 
bridge-splitting reactions^^ The chloro-mercapto-bridged 
complexes react slowly with various donor ligands to 
give monomeric species [PtCl2(L)(PR3)] and 
[PtCl(SR)L(PR3)], the latter rearranges to give 
dinuclear complex [Pt2Cl2(/t-SR')2(PR3)2]- The di- 
nuclear platinum(II) compounds undergo a wide 
variety of reactions'^’’^'^’®°~®® as shown in Scheme 2 . 


PtMe2 (SMe2)2 

11 MejS 


[Pt2(/t-SR2)2MeJ, 
Ptl2(SMe2)2 


Mel 


► [PtMe3l]4 + SR2 


.AgX 

“[Pt2(/t^-X)2 (SR 2 ) 2 Me 4 ] 

(X = OOCR, 2-C5H4NO) 

trans-[PtMel(SMe2)2] + [Pt2Me2(A^-I)2(SMe2)2] 


[Pt2X2 

(/^-Y)2L2]- 


pyrazole in MeQH 


NaOH 


NH 2 CHRCOOH 


(X = Y = C 1 ; L = PEt3) 


[PtXlOOC-CHRNHj )L2 ] 
(X = Y=a; L = PBu3) 

{C(0R')CH2R}L] 

(X = Y = C1, Br, I; L=PR 3 ) 

[PtX2{C(NHR')CH2 R }L] 

(X = Y = a; L = PR 3 ) 


PhiPH. NaOEt 


[Pt2X2(At-PPh2)2L2] 


(X = Y = C 1 ; L = PR3) 

Mej SiPPha 


Scheme 2 


The dinuclear complexes [Pt2Cl2(/i-Cl)2(PR3)2] react 
with SnCl2 halocarbon solvents, via a simple 
insertion of SnCl2 into terminal Pt-Cl bonds to yield 
the corresponding trichlorostannate complexes®’^’ 
[Pt2(SnCl3)2(jLi-Cl)2 (PR3)2]. Howcver, in acetone a 
more complex reaction occurs and ionic complexes are 
formed^. The dimeric structure of these complexes has 
been confirmed by the X-ray structure determination of 


[Pt2(SnCl3)2(iti~Cl)2(PEt3)2]^^ The latter complex on 
treatment with hexafluorobut-2-yne gives a product 
which retains the dichloro-bridge. Acetylene inserts 
across the Pt-Sn bond to give [Pt2{C(CF3) = 
C(CF3)SnCl3}2(iU-Cl)2(PEt3)2] as confirmed by X-ray 
results 

Treatment of [Pt{Ph(H)PC H2CH2C H2P-cHx2}2Cl2] 
with triethylamine yields [Pt2{PhPCH2CH2CH2P- 
cHx2}2Cl2] in which six-membered rings are in the 
chair conformation^^. The diastereoisomers VTI and 
Vin have been separated and fully characterized. The 
meso complex VIII has a planar Pt2P2 core, but VII 
has a bent arrangement for the Pt2 P2 unit^^. 



VII VIII 


The nucleophilic attack of methoxide ion and other 
nucleophiles like OH~, OAc“, Cl” etc., on olefin in 
platinum(II) complexes has been studied. Methoxide 
attack on diolefin (e.g. COD) occurs on the side of the 
double bond remote from the platinum 
A similar reaction was observed for the complex 
containing a chelating olefinic arsenic ligand, 2- 
(CH2 =CH)C6H4.AsPh2, where the methoxide attack 
occurs at the ^-carbon atom of the olefin to give a five- 
membered chelate ring'^*\ 


Hydride bridged dinuclear platinuni(II) complexes 


Recently a number of mono- and di-hydrido-bridged 
dinuclear platinum(II) complexes have been prepared, 
as shown below, and characterized^^"”In these 
complexes the cationic platinum(II) species (14 electron 
moiety) acts as a Lewis acid while the dihydride 
behaves as a lewis base. 


Pt(COD), + 2PR,-! g : °"-"’ " , PtH,(PR,), 

[PtX(acetone) 

(PR.,)2]" 

[(PR 3 ),Pt"(/^-H) 3 Pt'(X)(PR 3 ) 3 ] 

IX 

(R = Et, Ph, c-Hx, X = H or Ph) 

PR, 

PtHjfPRjjj + MeOHPt —OMe 


PtH,(PR3), 


PR3 

►[(PR 3 ) 2 Pt(^i-H) 2 Pt(H)(PR 3 ) 3 ][OMe]. 
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The existence of two types of platinum centres in IX 
has been shown by ^^^Pt NMR. The ^^^Pt NMR shift 
in four coordinate Pt" ('^-5200 ppm) is high field 
relative to that in five coordinate Pt' — 4800 ppm)^^. 

Three modes of hydride bridging, viz. (a) mono- 
hydrido, (b) dihydrido unsymmetrical, and (c) dihydrido 
symmetrical, have been observed in the hydrido- 
bridged platinum(II) complexes. These can be differen¬ 
tiated from one another by the Pt-Pt separation being 
~ 3.1 A for (a), ~ 2.8 A for (b) and ~ 2.7 A for 
The position of hydrogen atoms in [Pt2(dppe)2 
(ju-H)2Pt(H)][BPh4] has been located by a neutron 
diffraction study^^^. The (/i-H)2 bridge is unsymmetrical 
indicating a donor-acceptor complex in which the 
neutral sixteen electron fragment {PtH2dppe} acts as a 
donor through the Pt-H bonds to a cationic fourteen- 
electron [PtH(dppe)]‘^ moiety. The terminal and 
bridging hydrido ligands in most cases exchange 
rapidly at room temperature^^' 

Cyclometalated dinuclear platinum (II) complexes 

Internal metalation of nitrogen and phosphorus donor 
ligands has been known for quite some time. Ligand, in 
general, forms, whenever possible, five-membered rings. 
These reactions are believed to proceed via an oxidative 
addition and reductive-elimination process and two 
factors appear to be responsible for metalation to 
occur. 

(a) Steric requirement of bulky ligands allows its 
fragment to come sufficiently close to the metal atom 
and result in metalation, and (b) the loss of entropy on 
metalation of bulky ligands is small because their 
entropy is rather low. 

Dinuclear platinum(II) complexes with metalated 
nitrogen donors like azobenzene (eq. 9 ), and 

phosphorus donors (PPh 2 ( 2 -tol)^^'^, PBU2R (R = 2 -tol, 
Pr”, Ph, Neopent, have been prepared and 

studied. 



The reaction of Bu*3P with PtCl2(PhCN)2 in 2:1 
stoichiometry in dichloromethane affords chloro-bridged 
dinuclear platinum(II) complex^Oxidation of the 
two coordinate platinum(O) complex [Pt(Bu3P)2] 
with haloacids, methyliodide or chloroform involves 
hydrido-platinum(II) complexes which after elimination 
of hydrogen or methane give metalated complexes^ 
(eq. ( 10 )). Interestingly, metalation of AsBuj or 
SbBu^3 does not take place and with these ligands 
complexes of the type [Pt2(A^-X)2X2(EBu^3)2] (E = As 
or Sb) have been isolated^ 
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[Pt(BuyP)2] + HX-> ?r^m-[PtHX(PBu'3)2] 

rrans-[PtX(K:)(PBuy] 

1-Bu'3P 

[Pt(/x-X)(PC)] 2 . ( 10 ) 

The preference for 5 -membered metalated configu¬ 
ration is so high that metalation can occur at secon¬ 
dary or tertiary carbon atom. Thus, 8 -methylquinoline 
metalates through methylene carbon (X) and 
PBu^ 2 (C 6 H 4 R- 2 ), R = Et or Pr‘, metalates at the 
secondary and tertiary carbon centres (XI, XII), 
respectively^ 



X XI XII 


Like other halogen bridged dinuclear complexes the 
metalated complexes also undergo bridge splitting 
reactions when treated with a variety of donor 
ligands^ Treatment of [Pt(/i-Cl)(QH4N = NPh)]2 

with CO results in a mononuclear complex, having CO 
trans to nitrogen, from which CO can be readily 
displaced by a variety of donors^In [Pt(/ 4 -Cl)(rc )]2 
bridge splitting is not observed when treated with 
pyrazole or 3 , 5 -dimethylpyrazole, but new pyrazolyl- 
bridged complexes result on addition of NaOH^^^. The 
X-ray analysis of [Pt(/i-Me2pz)(PC)]2 reveals that 
pyrazolide groups are bridged between two platinum 
atoms and the six-membered ring is in boat form. The 
two phosphines are in sym-trans positions and the 
metalated ring is not planar^ The chloro-bridged 
complex, [Pt(^-Cl)(I^)]2 has a non-planar four- 
membered ring^^®. 

Dinuclear platinuin(II) complexes with ligands 
having small bite 

Ligands having small bite of the type X2EYEX2 (E= P, 
As, or Sb; X = alkyl, aryl, OR, OH; Y = CH2, O, S, NR) 
have played an important role in stabilizing the 
dinuclear complexes. The bridging versus chelating 
behaviour of these ligands is primarily influenced by the 
electronic and steric effects of X group, bulky 
substituents like Bu^ favouring the formation of chelates 
while, ligands with smaller groups like Me prefer the 
bridging mode. 

A number of homo- and hetero-binuclear complexes 
containing bis (phosphino)methanes have recently been 
investigated by Puddephatt and co-workers, Shaw 
et al, and others. A-frame complexes with other 
bridging ligands in addition to bridging bis (phosphos- 
phino)methanes have been studied and reviewed 
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recently^ In general, addition of small molecules like 
CO, CH2N2 etc. on platinum(I) dppm complexes 
results in the formation of A-frames. Most of these 
molecules are fluxional at room temperature as only 
one singlet for methylene proton is observed at room 
temperature than an AB quartet in NMR spectra. 
The process is believed to involve linear XPtYX 
transition state. 

Shaw et al observed that the dppm binds platinum 
in a monodentate fashion (eq. (11)) 

PtX2(?;^-dppm) 4 - dppm--> [PtX2(?/^-dppm)2]. (11) 

The free-end of dppm ligand can bind another metal 
centre to give homo- and hetero-binuclear complexes. 
Thus, treatment of [PtCl2(^/^-dppm)] with two mole 
equivalent of LiC = CR (R = Ph, p-tol, CF 3 ) yields the 
‘face-to-face’ complex trans, r^*an5-[Pt2(C = CR)4(/i- 
dppm)2j^^^’^^^ The dmpm (dmpm = Me2PCH2PMe2) 
and depm (depm = Et2PCH2PEt2) complexes have 
been prepared by the reactions of [Pt2Cl4(PP)2] with 
MeC~CH and NaOMe to give, in contrast to dppm 
analogue, cis, ds-[Pt2(C = CMe)4.(]^)2]. The depm 
complex slowly isomerizes to trans trans product via a 
trans cis species Steric hindrance is probably 
responsible for such geometric differences. 

The dinuclear complex [Pt2(C=CR)4(ju-dppm)2] 
when treated with dppm in benzene yields a mono¬ 
nuclear species [Pt(C = CR)20/^-dppm)2] which readily 
forms hetero-bimetallic complexes with Rh(I), Ir(I), 
Ir(III), Mo( 0 ), W( 0 ), Ag{I) and Hg(II). Accordingly, 
the complex [Pt(C = CR)2(^^“dppm)2] reacts with 
[Rh2Cl2(CO)4] or [Ir2Cl2(C8Hi4)4 (C8H14 =cyclo- 
octene) to give hetero-bimetallic complexes of the type 
[(RC sC)Pt(A/-dppm)2(A^-C = CR)Rh(CO)] (ref. 123 ) 
and [(RC = C)Pt(iL^-dppm)2(/i-C = CR)IrCl]^^^ respec¬ 
tively. In both cases, acetylide ligand bridges the two 
metal centres and forms an A-frame structure. It is <t- 
bonded to platinum and 7 r-bonded in unsymmetrical 
side on fashion to the hetero atom. Treatment of a 
dichloromethane solution of [Pt(C = CR)2(J7^-dppm)2] 
with silver nitrate in acetone and subsequent addition 
of Nal gives the Pt-Ag complex, [Pt(C = CR)2 

(ju-dppm)2AglV^^. The latter can also be prepared by a 
reaction of [Pt(7^-dppm)2]l2 with silver acetate and 
phenylacetylene^^^. The Pt-Hg complex has been 
prepared by the action of [Pt(r/^-dppm)2]Cl2 with one 
mole equivalent of mercury acetylide Hg(C = CR)2 
(R = Me, Pr", Ph, p-tol) to give [Pt(C = CR)2 

(/i-dppm)2 HgCl2]. 

Another important route for heterobinuclear Pt-M 
complexes is transmetallation reactions of Pt-M^*® 
metal complexes with labile Rh(I), Ir(I), W( 0 ), Mo( 0 ), 
Cr( 0 ) species^^*^’Thus, treatment of the silver 
chloride complex [Pt(C=CR)(/i-dppm)2AgCl] (R = Me, 
Ph, p-tol) with labile Mo( 0 ) and W( 0 ) complexes in 
benzene affords red crystalline XIII is fluxional 



RC=C-. 


CO 


CO 



CO 

M = Mo or W 


Xili 


at room temperature, but at - 60 °C an AB pattern for 
methylene (dppm) protons has been observed^^^' 

Sodium cyanide reacts with [PtCl2(^^-dppm)] with 
Bu^NC in methanol, as hexafluorophosphate salt, 
[Pt2(Bu^NC)4(/z-dppm)2] CPF6]4 (ref. 132 ). The mono¬ 
nuclear complexes, [Pt(CN)2(^^-dppm)2] and 
[Pt(RCN)2(^^-dppm)2]^^ react with a variety of metal 
ions to give hetero-binuclear complexes^^^’^^^. 

The concentrated solutions of mononuclear dialkyl, 
diaryl and platinacyolopentane complexes [PtR2(?7^- 
dppm)2] at low temperatures react with [PtMe2(COD)], 
[PtMeCl(COD)], AgN03, [Rh2(/i-Cl)2(CO)4] to give 
homo- and hetero-binuclear complexes^^^'^^^ The 
products usually adopt, unlike the acetylide complexes, 
ciSy cis geometry. At room temperature, the complex cis, 
ds-[(C6H4Me-2)2Pt(/i-dppm)2PtMe2] shows syn and 
untf-isomerism in solution but, in the solid state a 
complex with syn configuration can be isolated^^^ The 
complexes [Pt2Me4(/z-PP)2](]Hf^ = dppm, or dmpm), 
obtained by the reaction of [Pt2Me4(SMe2)2] with PP, 
have cis, cis geometry 

The phosphite ligands (RO)2PCH2P(OR)2 (R = Me, 
Et, Ph, p-tol) on treatment with [Pt2Me4(/i-SMe2)2] or 
[PtX2(SMe2)2] (X = C 1 , Br, I) invariably give dinuclear 
cis, cis complexes^The eight-membered ring Pt2P4C2 
in [Pt2Me4{;U-(EtO)2PCH2 P(OEt)2 }2]adopts a Cs 
boat-chair conformation as observed for cyclooctane^^^. 

Treatment of [Pt2Me4(jU-dppm)2] with 2 -equivalents 
of HCl gives cis, ds-[Pt2Me2X2(^“dppm)2 (ref. 138 ) 
while the corresponding iodo complex adopts a trans, 
trafzs-configuration. However, with dppm ligand a 
cationic A-frame type product [Pt2Me2(/i-I) 
(/i-dppm)2] has been isolated 

Conclusions 

The above brief account on dinuclear platinum(II) 
compounds depicts some exciting developments in this 
area and much more exciting chemistry is expected to 
emerge in the future. Many of the complexes and their 
reactions may serve as models in metal-assisted 
chemical transformations. It is expected that com¬ 
pounds of the type CPt2Me4(//-SR2)2]» on the one 
hand, would establish a broad field of chemistry of 
platinum (III), while on the other hand, the low 
symmetry mixed ligand complexes formed by bridge- 
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cleavage reactions would offer many interesting possi¬ 
bilities. 
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Vulnerability of the Indian coastal region to 
damage from sea level rise 

S. R. Shetye, A. D. Gouveia and M. C. Pathak 

National Institute of Oceariography, Dona Paula, Goa 403 004, India 


The vulnerability of the Indian coastal region to the 
consequences of the estimated sea level rise due to the 
green-house effect is examined. The main observations 
are: a) The region most vulnerable to inundation from an 
accelerated sea level rise is the Lakshadweep archipelago, 
b) The east coast of India, with its lower coastal slopes 
and higher cyclone frequency, will suffer from increased 
storm surge damage, c) The belt between approximately 
12 *N and 18 ° N on the west coast appears to be the least 
vulnerable. However, the region to the south of this belt 
is likely to experience increased coastal erosion. 


It is now well established that the concentration of 
greenhouse gases in the atmosphere has been increas¬ 
ing ^ CO2 concentration, for example, has increased 
from approximately 280 ppm in 1860 to around 
350 ppm at present ^ Though it has been predicted that 
the build-up of these gases will increase global surface 
atmospheric temperature, there are considerable uncer¬ 
tainties in the predictions; for example, doubling of 
CO2 could increase the temperature^ by anything 
between l.S' C and 4 , 5 °C, Increased surface atmosph¬ 
eric temperature will lead to thermal expansion of the 
oceans and to melting of snow and ice from high 
altitudes and latitudes. Consequently, the mean sea 
level will increase^. 

It has been estimated that during the last century the 
global sea level rose by 10-15 Over the same 

period, the global warming has been estimated^ to be 
about 0 . 4 ° C. A rise of about 5 cm in sea level can be 
linked to thermal expansion because of the global 
warming; the remaining 5-10 cm rise has been at¬ 
tributed to deglaciationBecause little is known about 
the rates of deglaciation* due to global warming, it has 
generally been assumed that the ratio of the sea level 
rise due to thermal expansion to the rise due to 
deglaciation will vary between 0.5 and 1 , 0 ; with such 
approximations, the estimates of global sea level rise® 
for the year 2050 vary from 23.8 cm to 116.7 cm; for the 
year 2100 from 56.2 cm to 345.9 cm. 

What effects will such a rise have on the coastal 
region of India, and which areas are vulnerable to an 
adverse impact? This question is addressed here by a 
synthesis of available data. The dominant effects of the 
sea level rise on the coastal region will be: (a) submer¬ 
gence of low-lying coastal areas and increased damage 
due to erosion; (b) increase in damage due to storm 
surges; (c) possible salt water intrusion into coastal 
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freshwater aquifers. The total length of the Indian 
coastline (inclusive of major indentations and shores of 
islands) is approximately 9000 km. Of these about 55 % 
has beaches and 25 % has prograding shore, including 
deltas^. 

Continental coastline 

One indicator of the vulnerability of a coastal region to 
inundation is the topographic slope (increase in altitude 
for a given distance perpendicular to the coast). One 
can get feel for the variation in the topographic slope 
by examining the 200 m contour shown in Figure 1. 
The slope is generally the greatest in central west coast. 
The east coast slopes are usually smaller than those on 
the west coast. 

The sea level rise that we are concerned with will be 
of a few metres. We should then be examining the 



Figure 1 . Geometry of the 200 m contour. Dots mark locations of 
coastal cities with population more than 100,000. 
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coastal slopes using maps which resolve the topography 
every one metre or so. There are, however, two 
difficulties with this approach. First, such charts (with 
scales 1 : 5000 ) are generally not available. Secondly, the 
intention here is to get a broad national scale picture of 
the variability of topographic slopes. In view of these, 
we have determined the slopes using the more easily 
available survey of India maps on the scale of 1 : 50,000 
with topographic contour interval of 20 m. At every 
0 . 5 ° latitude interval, the distance between 20 m 
contour from the coastline was computed. From this, 
by linear interpolation, we computed the distance by 
which the coastline would retreat if the sea level rose by 
one metre. The results are plotted in Figure 2 . From the 
point of view of shoreline retreat, the stretch of the west 
coast between approximately 12° and 18 ° is the safest. 
Topographic slopes decrease both to the north and the 
south of this region. The slopes are generally smaller on 
the east coast, making it more vulnerable to inundation. 
The slopes are particularly small in the region around 
estuaries. Such areas are likely to suffer the most during 
storm surges. 

Tropical cyclones cause surges along the coasts of 
India. The magnitude of a surge is the largest in the 
vicinity of the point where the storm lands on the coast. 
The India Meteorological Department has documented 


the tracks of known tropical cyclones in the Indian 
Ocean^^. To show the variation in the frequency of 
their landing on the coasts of India we used these data 
to determine the number of cyclones that intersected 
the Indian coasts in a 1 ° latitude bin. The results 
summarized* in Figure 3 bring out striking dissimilari¬ 
ties between the frequency of cyclones on the east coast 
versus the west coast, and hence the vulnerability of the 
former to storm surge damage. Some earlier studies 
suggest that as the greenhouse effect sets in, the 
cyclones will get both more frequent and more 
destructive. EmanueF^ estimated that in August in an 
atmosphere with twice the present CO2 concentration, 
the destructive potential of hurricanes will be 40 -" 50 % 
larger. 

An area of concern from the point of view of coastal 
erosion is the coast of Kerala. On the basis of a 
comparison of maps of 1850 and 1966 , Earattupuzha 
and George^ ^ concluded that the major part of the 
coast has receded over the period. Since 1966 granite 
walls have been built to reduce erosion. The tendency 
of the coast to erode is likely to increase as the sea level 
rises. It is, however, not possible at present to make a 
quantitative estimate of this increase. 

With the greenhouse effect, it is expected that 
changes will occur in the global precipitation pattern \ 


Displacement of shoreline (m) for rise of 1 m 



h-GUJARAT —-4^ KERALA I--T.N -4--A.P. -4*-4* W.B 

MAHARASHTRA KARNATAKA ORISSA 


Figure 2. Estimate of distance by which coastline will recede if sea level rises by I m, shown as a function of latitude of the east and 
the west coastlines. 
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Figure 3. Number of cyclone landings along the coast of India shown as a function of latitude of the east and the west coastlines. 


This in turn will alter the rate of recharge of and parts of Saurashtra, southern Tamil Nadu, central 

groundwater aquifers. But, if this rate does not change coastal Andhra Pradesh and southwestern West 

for the better, then with the increased sea level salt BengaP^. Moreover groundwater availability in Kerala 

water will penetrate the freshwater aquifer thus and Goa is low, less than one million hectare 

bringing coastal water supply under pressure. At metres/year^^. 

present the coastal drought-prone areas include Kutch The ability of a region to adapt to the changes from 



WESTCOAST EASTCOAST 


4^- KERALA-H 

MAHARASHTRA KARNATAKA 


Figure 4. Variation of population densities in coastal districts as a function of latitude of the east and west coastlines. 
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the sea level rise depends on the investment of resources 
that has been made in the region. An indicator of this, 
but not a complete one, is the population density of the 
region. Figure 1 shows the locations of all coastal cities 
with population more than one lakh. Figure 4 shows 
the variation of population densities in coastal districts 
using the data given in Muthiah^^. A feature that 
stands out in the figure is the high population density 
in the coastal region of Kerala. Other than this region, 
the population densities on the west coast are generally 
lower than on the east coast. 

Islands 

The Lakshadweep archipelago off the southwest coast 
of India consists of 27 separate coral reefs and islands 
with a total area^"*"’^^ of 32 km^. Ten of the islands are 
inhabited. The population of Lakshadweep is about 
32 , 000 , thus making the inhabited islands one of the 
most densely populated regions of the country. The 
Lakshadweep islands are low lying with the highest 
point on the islands generally not higher than a few 
metres above the sea level. The Andaman and Nicobar 
islands represent the unsunken remnants of the Tertiary 
folded mountains. The Andamans include 204 islands 
and islets The Nicobars have 12 inhabited and 7 
uninhabited islands The total populationof the 
Andamans and Nicobars is about 115,000 and their 
combined area is 8,293 km^. 

The vulnerability of the low-lying Laksh^idweep 
islands to sea level rise can be appreciated from the 
cross-sections given in Figure 5 . These sections of the 
Minicoy island are based on the data given in 
Gardiner''^. The difference between the mean low level 
(average of mean lower low and mean higher low tidal 
level) and mean higher high spring tide at Minicoy^® is 
0.86 m. Most human activity is restricted to regions 
above the mean higher high spring tide. From the figure 
it is clear that a rise of 1 m in the mean sea level will 
severely restrict human activity on the island and a rise 
of 2 m will virtually make it impossible. 

The Andamans and Nicobars have steeper slopes, the 
maximum altitude on the islands often exceeding 100 m. 
Hence the danger from inundation due to sea level rise 
in this archipelago is small in comparison to that in the 
Lakshadweep. The higher population densities in the 
latter also make it more vulnerable than the Andamans 
and Nicobars. The frequency of storms, that generally 
originate in the Bay of Bengal, is however higher in these 
islands than in the Lakshadweep. 

Little data exist at present on the groundwater table 
in the Indian islands. In islands the freshwater aquifer 
forms a lens surrounded by heavier saline water. If the 
sea level rises and if the recharging of the aquifers 
remains unchanged, the freshwater aquifer will be 
polluted by saline water intrusion. 
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Figure 5. s, The Minicoy Island. Boulder zone is dotted. Rocky 
region on the island is shaded, b, Topography along lines A, B and C 
is shown in Figure 5ii. Present levels are shown by ML (mean low), 
MSL (mean sea level) and MHHS (mean high high spring). the 
future MHHS if the mean MSL rises by 1 m; —*—, MHHS if the sea 
level rises by 2 m. 
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Concluding comments 

Ahmed^ has documented the evidence of land subsi¬ 
dence along the coasts of India. This includes the 
presence of peat bed, 6-13 m below the surface, at 
several locations near Calcutta and submerged forests 
in Valimukkam Bay near Tirunelveli, and off Bombay. 
Local depressions occurred during the earthquake of 
1819 in Kutch leading to submergence of 500 km^. 
Most of these studies, however, are much too local to 
determine the nature of the large-scale crustal deforma¬ 
tion, and the geological factors controlling it. 

Tide gauge data are useful to determine the trend of 
submergence or emergence along the coast. In one such 
analysis Emery and Aubrey^ ^ concluded that Mangalore 
during 1953-1976 showed a drop of 1.33 mm/year in 
the sea level. Four other ports, Bombay ( 1878 - 1963 ), 
Cochin ( 1939 - 1978 ), Madras ( 1916 - 1977 ) and Visakha- 
patnam ( 1937 - 1978 ) showed a rise (indicating relative 
sinking of land) of 1 . 28 , 2 . 27 , 0.36 and 0.76 mm/year 
respectively. Data from these five stations give an 
average rise of 0.67 mm/year and a median of 
0.76 mm/year. As pointed out earlier, similar studies'^* ^ 
on a global scale suggest a rise of 1.0 to 1.5 mm/year. 
Note that this trend is almost an order of magnitude 
smaller than the predicted rate of sea level rise due to 
the greenhouse effect. 

In summary, our conclusions regarding the vulner¬ 
ability of the Indian coastline to the sea level rise are as 
follows: 

(a) The region most vulnerable to accelerated sea level 
rise is the low-lying coral atolls of the Lakshadweep 
archipelago, (b) The east coast of India, with a larger 
frequency of storms and lower continental slopes, is 
more vulnerable than the west coast to damage from 
storm surges, (c) The stretch between approximately 
12 "" and IS'^N on the west coast appears to be the least 
vulnerable. The coastline to the south of this belt, 
however, has shown a tendency to get eroded and this 
tendency is likely to increase when the sea level rises. 

It should be noted that the conclusions derived here 
are based on large scale features. Considerable smaller 
scale variations are expected to be superimposed on 
them. These will need to be examined before planning 
one’s response to sea level rise. A major difficulty in 
deciding about the response is the uncertainty associ¬ 
ated with the predictions of sea level rise. At this stage 


it would be prudent to restrict the response to those 
problems which already exist (and need to be addressed 
anyway) and which will get worse as the sea level rises. 
On the basis of the discussion here we identify three 
such areas. First, the stability of the Lakshadweep 
islands from the point of view of sediment transport, 
geomorphology, etc. needs to be better understood. 
Secondly, the capability to face the storm surges on the 
east coast needs strengthening. Third, efforts to prevent 
erosion along the southwest coast need to be enhanced. 
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Dengue virus-induced suppressor factor has two 
disulphide-bonded chains which bear anti- 
idiotypic and I-A and I-J determinants 

Aruna Bhargava, U. C. Chaturvedi, Nisha Srivastava and Asha Mathur 

Postgraduate Department of Microbiology, K. G. Medical College, Lucknow 226 003, India 


Dengue type 2 virus (DV) infection in mice induces 
generation of suppressor T cells which produce a soluble 
suppressor factor (SF). Activity of SF was abrogated by 
pretreatment with compounds like reduced glutathione, 
cysteine or 2 -mercaptoethanol, which cleave disulphide 
bonds between polypeptide chains. Suppressor activity 
was restored when the chains of SF, separated by 
dithiothreitol treatment, were allowed to reassociate. 
This indicated need for the presence of both polypeptide 
chains in proper association. Experiments using immuno¬ 
sorbent columns showed that one chain had anti-idiotypic 
(DV) and I-A determinants while the other had I-J 
determinants. These determinants may impart antigen 
specificity and genetic restriction to the transmission of 
DV-induced suppressor signal. 


The murine immune response to dengue type 2 virus 
(DV) involves the generation of helper T cells and three 
distinct subpopulations of suppressor T cells^“"^. DV 
induces generation of a subpopulation of splenic 
suppressor T cells which produce a soluble 

suppressor factor (SF)^. SF is taken up by macrophages 
both in vitro and in vivo'^'^ and is presented to naive T 
cells to recruit a second generation of suppressor T cells 
(TS2), which produce a second suppressor factor (SF2)^. 
SF2 recruits the third generation of suppressor T cells 
(Ts 3)^‘\ which mediate antigen-specific suppression of 
humoral immune response. Further Ts^, SF and TS3 
bind anti-DV antibody while TS2 and SF2 bind DV 
antigen—which result in -abrogation of their activity— 
indicating an idiotype-anti-idiotype-like network^ ^ 

The molecular structure of suppressor and helper 
factors induced by various synthetic antigens has been 
studied. These factors may consist of a single or two 
polypeptide chains^^“^^. DV-induced SF has been 
purified and characterized to some extent but its precise 
molecular structure is not known, SF is a low- 
molecular weight, heat-labile, acid and alkaline pH- 
labile, highly potent protein and acts in a- dose- 
dependent manner^. SF is adsorbed by syngeneic 
macrophages^, and immunosorbent columns carrying 
anti-DV antibody and anti-I-J^^ and anti-I-A*^, anti¬ 
bodies against gene products of the / region of the 
mouse major histocompatibility complex (MHC). There 
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is considerable interest in knowing the structure of anti- 
idiotypic T-cell suppressor factors. Here we show that 
DV (anti-idiotypic) and I-A determinants are present on 
one chain of SF and I-J determinants on the other. 


Methods 

Preparation of suppressor factor. Three-to-four-month- 
old inbred Swiss albino mice from the colony 
maintained in the department were inoculated intra- 
cerebrally with 1000 LD50 of DV. The virus, strain 
P 23085 , was in the form of brain suspension obtained 
from virus-infected adult mice^^. After 8 to 11 days, the 
spleens were collected aseptically from the sick, 
moribund mice and homogenized in phosphate-buffered 
saline (PBS) to obtain SF^*^*^'^, It was distributed in 
small aliquots and stored at - 20 ‘’C until use. 

Preparation of immunosorbent columns. Immunosorbent 
columns of cyanogen bromide-activated Sepharose 4 B 
(Pharmacia) were prepared by coupling anti-I-J^, anti- 
I-A^ antibody (gift from Dr Marc Feldmann, London) 
or anti-DV antibody^ ^ as described by Theze et al.^^ 
and Waltenbaugh^^ The columns were prepared in 
3 ml syringes. Two mg of antibody protein was used per 
ml of packed gel. The columns were washed extensively 
with PBS and the wash fluid was monitored at 280 nm. 
The preparations of SF were adsorbed on these columns 
for 20 min at room temperature, the effluents were 
collected, the columns then washed with 10 ml of PBS 
and elution performed using 0.1 M glycine™HCl buffer, 
pH 2 . 5 . The pH of the eluates was adjusted to 7.2 
immediately. The effluent and eluate were assayed for 
suppressor activity. 

Assay of suppressor activity. Suppressor activity of SF 
was determined in haemolytic plaque assays by the 
localized-haemolysis-in-gel technique of Jerne and 
Nordin^^ as described by Tandon and Chaturvedi^^. 
Mice inoculated with a dose of 1000 LD50 of DV 
intraperitoneally were inoculated i.v. with 0.2 ml of SF 
preparation 48 h later. Care was taken to ensure that 
the dilution factor remained constant in all SF 
preparations. Since peak PFC response is obtained on 
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days 6 and 7 post-inoculation, splenic DV-specific IgM 
antibody plaque-forming cells (PFC) were prepared on 
days 6 and 7 and used with DV antigen-coated sheep 
RBC as indicator^®. Multiple slides were prepared for 
each mouse. 


Effect of treatment with reducing agents 

Glutathione, 2-mercaptoethanol and cysteine are agents 
that reduce disulphide linkages between polypeptide 
chains, thus cleaving them. Mice given untreated SF 
showed a 40% suppression of DV-specific IgM PFC 
response (PFC after DV alone 710db44, PFC after DV 
followed by SF 429 ±48; see Figure 1). SF treated with 
10“^ M or 10"^ M glutathione caused only 5 or 6% 
suppression, indicating abrogation of SF activity. 
Treatment of SF with 10“® or 10“^ M 

glutathione did not affect suppressor activity. Similar 
results were obtained with 2-mercaptoethanol and ' 
cysteine; the former was effective up to 10"^ M. The 
compounds themselves had no effect on the PFC 
response. 


Glu^ofhione, lO^M 
SF+ g lutothione, id^M 
Id® 
10~^ 
id® 
10”^ 

2-MercQptoethonol, ld^M 
SF+2-men:aptoethanol, lO^M 
10 ® 
id^ 
10® 
id’ 

Cysteine, ld®M 
SF + cysteine. ld®M 
id® 


id’ 

Untreoted SF 
DV 


Figure 1. Abrogation of suppressor activity of SF by treatment with 
compounds that cleave disulphide bonds between polypeptide chains. 
DV, mice primed with DV and not given SF. 
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Effect of treatment with dithiothreitol and iodo- 

acetamide 

Dithiothreitol (DTT), in the presence of Tris-HCl 
buffer, reduces disulphide linkages between polypeptide 
chains and brings about their cleavage. Immediate 
treatment with iodoacetamide results in alkylation of 
the thiol groups and prevents reassociation of the 
reduced polypeptide chains^^. SF treated with 5mM 
DTT in the presence of 0.15 M Tris-HCl buffer for 
45 min at room temperature was alkylated with 
100 mM iodoacetamide for 20 min at room tempera- 
ture^^’ Other aliquots of SF were either reduced by 
DTT or alkylated with iodoacetamide under the same 
conditions. SF treated with DTT or iodoacetamide 
alone caused 48 or 42% suppression of the PFC 
response (Figure 2). When reduction was followed by 
alkylation, suppression was only 16%. The results 
indicate that SF is composed of two polypeptide chains 
joined by disulphide bonds and the presence of both 
chains in proper association is essential for mediation 
of suppression. 


Behaviour on immunosorbent columns 

It has been shown earlier that SF binds DV-specific 
antibody in an immunosorbent column We have 
now studied binding of the two chains of SF cleaved by 
reduction with DTT on anti-DV antibody immuno¬ 
sorbent columns. As shown in Figure 3a, there was little 
suppressor activity in both effluent and eluate from the 
anti-DV column (11% and 9% suppression respectively, 
compared to 41% by untreated SF). However, a 
mixture of effluent and eluate produced 26% suppres- 



Figure 2. Abrogation of suppressor activity of SF by treatment with 
dithiothreitol and iodoacetamide. 

CURRENT SCIENCE, VOL. 59, NO. 3, 10 FEBRUARY 1990 




RESEARCH ARTICLES | 

i 

I 



Figure 3. Suppressor activity of DTT-cleaved SF in effluent and eluate fractions after chromatography on (a) anti-DV, (b) anti-I-J 
and (c) anti-I-A immunosorbent columns. 


sion. There was no binding on control columns 
prepared using normal sera in place of anti-DV 
antibody (data not shown) as the suppressor activity 
was present in the effluent. 

Similarly, SF treated with DTT was run through anti- 
I-J and anti-I-A, immunosorbent columns, and effluent 
and eluate were assayed. In each case, full suppressor 
activity, not shown by either effluent or eluate alone, 
was restored when the two fractions were combined 
(Figure 3, b and c). 

The results show that the chains of SF carry 
determinants for anti-DV antibody, and anti-I-J and 
anti-I-A antibodies. We then did mixing experiments to 
analyse the distribution of the three determinants on the 
two chains of SF. Eluates of SF from anti-DV, anti-I-J 
and anti-I-A columns were mixed in different combina¬ 
tions (Figure 4) and the suppressor activity of the 
mixtures was assayed. The mixture of eluates from anti- 
DV and anti-I-A columns had negligible suppressor 
activity (6%) whereas the mixture of eluates from 
anti-I-A and anti-I-J columns and the mixture of 
eluates from anti-DV and anti-I-J columns had 
significant suppressor activity (42 and 41% respectively, 
compared to 46% by untreated SF), We therefore 
conclude that the DV and I-A determinants are present 
on one chain of SF, while the I-J determinants are 
present on the second chain. 

Discussion 

The suppressor activity of SF was abrogated, in a dose- 
dependent manner, by pretreatment with compounds 


Anti-DV eluate 
+ onti - I-A eluate 

Anti-I"A eluate 
+ anti-I-J eluate 


Anti-DV eluate 
+ onti - I-J eluate 


Untreated SF 


DV 



Figure 4. Suppressor activity of SF in mixtures of eluates of DTT- 
cleaved SF fractionated on anti-DV, anti-I-J and anti-I-A columns. 


like reduced glutathione, cysteine and 2-mercapto- 
ethanol, which are known to cleave disulphide linkages. 
The two dissociated polypeptide chains obtained after 
reduction of SF with DTT could reassociate, and 
suppressor activity was restored if reduced SF was not 
alkylated with iodoacetamide. This indicated the 
necessity for presence of both chains in proper 
association for mediation of suppression. Similar two- 
chain structures have been shown for suppressor factors 
induced by synthetic antigenswhile others may 
have a single chain^^. 
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In an cariicr study, the presence of J-region 
specificities and I-A^^ was shown on SF^^. The 
present study was aimed at locating the anti-idiotypic 
(DV) and the I-J and I-A determinants on the two 
chains of SF. Full suppressor activity was obtained in 
mixtures of anti-I-J column eluate and anti-I-A column 
or anti-DV column eluate. In contrast, the mixture of 
eluates from anti-DY and anti-I-A columns had no 
suppressor activity, showing that DV and I-A determi¬ 
nants are present on the same polypeptide chain. It has 
been reported that when the suppressor factor is a 
single-chain structure, the antigen and I-J determinants 
are present on the same chain; on the other hand, in a 
two-chain structure they are present on different 
chains^ Further, the ‘antigen-positive’ chain 

determines the specificity of the suppressor factor^"*’. 

The presence of I-A determinants on one chain of SF 
is interesting. The presence of I-J determinants is 
associated with suppressor function^®’^"^’^^ while I-A 
are associated with helper functionsOn the 
other hand, Feldmann and Kontiainen^^ have sum¬ 
marized observations that indicate that /-subregion 
assignment of helper and suppressor factors need not 
necessarily be distinct and may not be a marker of 
function. Further, Marx^“ has quoted work that 
suggests that I-J suppressor factor contains modified 
forms of I-E or I-A molecules. Therefore the presence of 
both I-J and I-A determinants on DV-induced SF is 
possible. The finding that the chain with anti-idiotypic 
determinants also bears I-A is important in the light of 
the suggestion that I-J may be a recognition molecule 
for I-A. 

Little et al}^ suggested that the function of the two 
chains is to bring antigen and I-A molecules together 
on the cell surface. Absorption of helper factor by B 
cells has been suggested to be under I-A controP^’^^’^^. 
SF induces generation of Ts 2 cells by transmitting the 
suppressor signal via macrophages; SF is adsorbed by 
syngeneic macrophages, which present it to the 
precursors of the TS 2 cells^. Therefore it is likely that 
binding of SF to macrophages is under control of the 
polypeptide chain that bears I-A determinants; the 
same chain also bears DV determinants, which impart 
antigen specificity to the suppressor signal. 
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Spark discharge in liquids as 
spectroscopic source 


K. Gopala Krishnan 

Department of Physics and Astrophysics, University of Delhi, 
Delhi 110 007, India 


An experimental arrangement is described to maintain a 
steady spark between carbon electrodes in fresh glycerine 
for spectroscopic work. 

The spectrum of a high-voltage condensed spark 
between two carbon electrodes immersed in glycerine 
shows C 2 Swan bands as well as bands due to CH and 
In the experimental arrangement, a glass flow- 
tube G is held vertically by inserting it into a fibre cap 
F clamped in the lower arm of an arc holder (Figure 1). 
A carbon electrode C in the form of a rod is fixed in a 
brass terminal B passing through the fibre cap into the 
glass tube. The joints are made leak-tight using sealing 
wax; for the same reason, the lower end of the terminal 
is solid brass. Into the upper arm of the arc holder is 
clamped another similar fibre cap F-brass terminal B 
combination. This terminal is hollow and through it 
another carbon rod electrode C is inserted into the 
glass tube and fixed. The arc stand is converted into a 
spark holder by inserting the fibre insulators F, F. The 
high-voltage condensed spark is struck between the 
electrodes by adjusting the spacing between them with 
the help of the rack and pinion mechanism R. Since this 
makes the electrodes move simultaneously and sym¬ 
metrically, the spark, once collimated with a spectrograph 



slit, always remains so. Chemicafly pure glycerine from a 
reservoir enters the flow-tube through inlet I under a 
constant pressure head, flows past the spark gap and 
escapes through the outlet O. The flowing glycerine 
carries away the heat generated by sparking. This 
appreciably reduces the chances of the formation of 
gaseous bubbles in the vicinity of the spark and also 
prevents to a considerable extent the eating away and 
the consequent disintegration of the electrode tips into 
fine carbon particles. The gaseous products resulting 
from the sparking escape through the upper open end 
of the flow-tube and any carbon particles that get 
detached from the electrode tips are carried by the 
glycerine escaping through the outlet. The spark is thus 
always struck in fresh glycerine at room temperature 
with an almost constant electrode spacing. By keeping 
the electrodes slightly displaced from the axis of the 
flow-tube as shown, the wandering of the spark over 
the electrode surfaces is avoided. The arrangement gives 
a steady spark that can be maintained for long 
durations and the spark is easily photographed for 
spectroscopic studies through the fresh glycerine that 
surrounds it. 
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Minettes—a shoshonitic lamprophyre 
swarm from Elchuru, Prakasam 
district, Andhra Pradesh 

V. Madhavan 

Department of Geology, Osmania University, Hyderabad 500 007, 
India 

LatC'Stage intrusives, mainly represented by mica 
lamprophyres, are found in the form of a dyke swarm at 
Elchuru in Andhra Pradesh, where they cut across 
nepheline syenites and other alkaline rocks with sharp 
contact. Based on mineralogical assemblage, these 
lamprophyres are identified as minettes in particular and 
shoshonites in general. In the Elchuru alkaline pluton, 
minettes find their plutonic equivalent in shonkinite—a 
shoshonitic alkaline rock, with the latter assuming the 
role of parental magma for nepheline syenites. The same 
shoshonitic alkaline magma which crystallized shonkinite 
at considerable depth during the earlier stage of the 
intrusive event at Elchuru was also responsible for the 
crystallization of minette at a later stage but subsequent 
to the emplacement of the nepheline syenite pluton. 

In the Prakasam district of Andhra Pradesh, lampro¬ 
phyres represent one of the late stage intrusive events. 
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They constitute a distinct but often sparsely distributed 
lithounit in a selected group of plutonic bodies 
composed of nepheline syenites and/or foid-free syenites; 
rarely the lamprophyres in this district are found 
associated with other rock types like granites or 
gabbros. The plutons marked by the presence of 
lamprophyres are located at ElchuruS Settupalle^ and 
Purimetla^. The Elchuru pluton represents a classic 
example of lamprophyres, spectacularly displayed in the 
form of a dyke swarm. They randomly cut across 
nepheline syenites with sharp contacts; chilled margins 
are generally absent at the contacts. These nearly 
vertical or steeply dipping lamprophyre dykes exhibit 
wide variation in their length (2-10 m) while maintaining 
a more or less constant width (20-30 cm). Though 
randomly oriented, most of the dykes show a NW-SE 
trend that is perpendicular to the prevalent NE-SW 
foliation trends of nepheline syenites'^. 

The Elchuru lamprophyres are dark-looking, fine¬ 
grained rocks which in thin sections exhibit a charac¬ 
teristic porphyritic texture. They are essentially consti¬ 
tuted by orthoclase perthite, biotite and clinopyroxene; 
the two mafic minerals being present in almost equal 
proportion and their combined modal percentage (50- 
90 vol%) is moderate to very high, corresponding to the 
limits of mesocratic to melanocratic range. The high 
biotite content has given the rocks a glistening 
appearance. Large euhedral crystals of clinopyroxene 
occur as phenocrysts (no other mineral, except 
pyroxene, forms phenocryst in these rocks) surrounded 
by a fine-grained matrix composed of biotite blades, 
anhedral to subhedral feldspar (orthoclase with string 
perthitic pattern) and clinopyroxene. The pyroxene 
phenocrysts, containing biotite inclusions, either appear 
as single large crystals (porphyritic texture) or in 
clusters of three or more grains (glomeroporphyritic 
texture). The groundmass and the phenocryst pyroxenes 
are both pale green in colour and non-pleochroic. From 
the available optical properties (2Ky=62°; yAc=40°; 
a =1.694) the mineral is tentatively identified as salite. 
The biotite is pleochroic in bright yellow (a) and dark 
reddish brown ()3=y) colours. These dyke rocks contain 
neither quartz nor nepheline, however in three out of 
twelve thin sections examined, a few grains of nepheline 
are noticed. 

Based on the lUGS method of classification^ and 
following the recommendations of Rock^, the biotite 
lamprophyres of Elchuru are identified as shoshonites 
in general and minettes in particular. It may be noted 
here that in the QAPF double triangle diagram meant 
for plotting lamprophyres, the fields of minette and the 
other foid-free or foid-poor (foid <5%) lamprophyres 
like vogesite, kersantite and spessartite are collectively 
designated as shoshonites^. According to Rock^, 
minettes and related lamprophyres connote post- 
orogenic granites or mildly potassic (shoshonitic) 
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alkaline rocks. Chemically the dominance of K 2 O over 
Na20 in the Elchuru minettes is more striking (Table 1) 
and it demonstrates the typical shoshonitic trait of 
these rocks. In the Elchuru pluton, minettes find their 
plutonic equivalent in shonkinites (orthoclase-biotite- 
clinopyroxene bearing, coarse grained meso- to melano¬ 
cratic rocks) with the latter assuming the role of 
parental magma for nepheline syenites ^ Occurrence of 


Table 1. Average analyses and CIPW norms of Elchuru minette 
and shonkinite^-^. 




Minette 


Shonkinite’*' 


Range 

Average of 5 

Average of 2 

SiOj 

44.34 

47.86 

45.75 

46.30 

Tibj 

1.46 

2.72 

2.24 

2.47 

Al^O, 

12.08 

17.52 

14.62 

13.06 

FC 2 O 3 

1.37 

5.40 

3.22 

3.91 

FeO 

6.20 

7.03 

6.70 

8.13 

MnO 

0.13 

1,07 

0.44 

0.67 

MgO 

5.01 

9.73 

7.30 

6.63 

CaO 

5.77 

9.23 

7.78 

8.47 

Na^O 

2.81 

5.00 

3.91 

3.50 

K 2 O 

3.82 

6.91 

5.19 

4.61 

P 2 O 5 

0.39 

1.14 

0.68 

0.92 

HjO orIL 

1.31 

2.18 

1.85 

1.27 

Or 

11.08 

34.27 

24.09 

32.80 

Ab 

0.00 

12.31 

2.46 

3.28 

An 

0.00 

17.51 

7.38 

2,09 

Lc 

0.00 

14.41 

5.09 

8.29 

Ne 

12.78 

19.88 

16.49 

9.07 

Di 

9.87 

34.98 

21.11 

20.17 

01 

7.55 

16.66 

11.06 

11.74 

Mt 

1.86 

7.89 

4.67 

3.13 

11 

2.75 

5.17 

4.23 

4.71 

Ap 

0.92 

2.69 

1.63 

2.18 


IL, Ignition loss; ’“contains 1.25% cs in the norm. 


Ab+An + N« 



Figure 1. Empirical diagram for discriminating shoshonitic and 
alkaline lamprophyres using the normative parameters^. A, Alkaline 
field; B, shoshonitic field; C, overlap between alkaline and shoshonitic 
fields. All the rocks of Elchuru (except two) fall in the shoshonitic 
field. One minette and shonkinite each occupy an intermediate 
position indicating their shoshonitic alkaline character. 
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shoshonitic lamprophyres (minettes) with shoshonitic 
alkaline rocks (shonkinites) (Figure 1), their coeval 
relationship, and mineralogical, chemical similarities— 
all assume considerable petrogenetic significance. The 
same hydrous, basic (mildly potassic) magma, which 
crystallized shonkinite as the earliest manifestation of 
intrusive event, was also responsible for the crystalliza¬ 
tion of minettes but subsequent to the emplacement of 
the main nepheline syenite pluton. The shonkinites 
have crystallized at greater depth (before being brought 
to the present level as autoliths by the nepheline syenite 
magma) when compared to lamprophyres and this 
partly emplains the contrasting textural aspects observed 
in the two rock types. The pyroxene was seemingly the 
first to crystallize in minettes and the rapid growth of 
this mineral as phenocrysts is attributed to the hydrous 
condition of magma^ and its crystallization at relatively 
shallower depth. 
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First fossil mouse (Mus, Rodentia) 
from Indian Siwaliks, Tatrot Formation 
(Saketi, H.P): Implications for 
evolutionary history 

Rajeev Patnaik 

Centre of Advanced Study in Geology, Panjab University, 
Chandigarh 160 014, India 

Fossil remains of Mus sp. were recovered from the 
Tatrot Formation (Late Pliocene) of the Indian Siwaliks. 
Here I relate the new finds to other murid genera of the 
Pakistan Siwaliks, place it in the generalized evolutionary 
lineage of the Siwalik Mus. 

The fossil remains of murids (rats and mice) are very 
rare^""^ and therefore the finds of murids in Siwaliks 
are important both for taxonomic identification and 
phylogenetic reconstruction. The present specimens 


were recovered while screening mudstones brought 
from a fossil locality (Figure 1) about 2.5 km (road 
distance) east of Saketi [ITU'W N:30"0'30"E). Murid 
taxa reported so far from the Upper Siwaliks include 
Mus, Golunda, and cf. Rattus from Pakistan^ and 
Nesokia^ and Rattus"^ from India. The genus Mus is 
known from Miocene of Pakistan^, Pliocene of 
Yunnan, Turkey and South Africa and Pleistocene of 
Pakistan, China, Europe and South Africa^. Now it has 
a worldwide distribution, because of the influence of 
man. 

The fossil mouse described here is represented by two 
isolated molars, right lower molar (VPL/RP-10, Figure 
2a) and left upper molar (VPL/RP-11, Figure 2b). Mus 
is characterized by the presence of a Mj (first lower 


nahan 



Figure 1- Geological map around Saketi (modified after Verrna ). 
A, Lower Siwalik; B, Middle Siwalik; C, Tatrot Formation; D, Pinjor 
Formation; E, Boulder Conglomerate Formation; FL, Fossil locality. 



Figure 2. Mus sp. a. Occlusal view of right lower molar, b, Occlusal 
view of left upper molar. Bar represents 1 mm. 
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Table 1. Evolutionary lineage of mice in the Siwaliks. 

Formation 

Murid genera 

Age 

Pinjor Formation 

Tatrot Formation 

Dhok Pathan Formation 

Nagri or Dhok Pathan Formation 
Chinji Formation 

Mus sp. 

Mus sp. 

Mus auctor 

Progonomys debruijni 
Antemus chinjiensis 

Early Pleistocene of Pakistan (Jacobs^) 

Late Pliocene of India (Patnaik in this work) 
Late Miocene of Pakistan (Jacobs^) 

Late Miocene of Pakistan (Jacobs^) 

Middle Micoene of Pakistan (Jacobs^) 


molar) with an asymmetrical ‘X’ pattern at the anterior 
portion of the tooth and the absence of labial cingulum. 
In (first upper molar), anterostyle is antero- 
posteriorly compressed and is posterior relative to the 
anterocone and the posterior cingulum is reduced. 

The present Mus sp. can be differentiated from Mus 
auctor and Progonomys debruijni of Late Miocene of 
Pakistan on the basis of the absence of labial cingulum 
in Ml. It differs from Karnimata and Parapodemus of 
Late Miocene of Pakistan by its smaller size, absence of 
anterior mure, labial cingulum and medial anteroconid 
in Ml- It can be differentiated from Parapelomys of 
Late Miocene of Pakistan by the presence of pattern ‘X’ 
and the absence of anteromedial cingulum in Mj. It 
differs from Golunda of Pleistocene of Pakistan by the 
absence of medial anteroconid and labial cingulum in 
Ml. The present molars compared with those of Mus 
booduga (recent field mice found in India^) showed that 
both are similar to each other, except that in the Mj of 
the recent ones, the hypoconid and the entoconid are 
more strongly connected and the ‘X’ pattern is more 
asymmetrical. M^ of Mus booduga has a less elongate 
anterior portion and a small prestyle. 

Antemus chinjiensis of Middle Miocene of Pakistan is 
considered to be the oldest murid known so far and its 
low crowned nature of M\ weakly connected cusps and 
weak labial cingulum in Mj marks it to be more 
primitive than Progonomys debruijni and Mus auctor of 
Late Miocene of Pakistan^. P. debruijni is considered as 
ancestral to Mus auctor in having cusps in the cheveron 
less strongly connected and anterostyle more posteriorly 
placed^. P. debruijni can be considered as more 
primitive than the present Mus sp. in having a M^ with 
posterior cingulum (from primitive characters of 
murids^). Mus auctor is more primitive than the Mus 
sp. described here with an anterostyle more posteriorly 
placed, anterior portion less wide in M\ a prominent 
labial cingulum, a hypoconid and an entoconid less 
strongly connected. The present specimens are very 
similar to those of Mus sp. reported from Early 
Pleistocene of Pakistan^, but these specimens can be 
considered as ancestral to the Mus sp. from Pakistan, 
as they occur in older sediments of Siwaliks. Mus sp. 
described here can be linked (Table 1) with the above 
mentioned genera, as all of them share the character of 
an anterostyle rather posterior in position than those in 
other murid genera. 
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A method for the estimation of food 
consumption by insect parasitoids 

J. Muthukrishnan and M. Senthamizhselvan* 

School of Biological Sciences, Madurai Kamaraj University, 

Madurai 625 021, India 

♦Department of Agricultural Zoology, The Queen's University of 
Belfast, Belfast BT9 5PX, UK 

Considering the growth of parasitized host after 
parasitization, a new method was developed to estimate 
the bioenergetic parameters of parasitic insects. Spodo- 
ptera exigua Hubner parasitized by Apanteles prodeniae 
Viereck was taken as the model system. A. prodeniae 
consumes 16,5 J, excretes 0.53 J, assimilates 15.97 J and 
produces 11.37 J. Rates of feeding, assimilation, produc¬ 
tion and metabolism can be estimated using this method. 

Estimation of food available to the parasitoids, which 
infect actively growing stages of their hosts, is difficult 
for the following reasons: (i) After parasitization, the 
host ingests less food and grows slowly, (ii) on any 
particular day after parasitization, the weight or the 
energy content of the parasitized host represents not 
only the weight or the energy content of the host but 
also of the parasitoid developing inside. However, for 
parasitoids infecting non-growing stages of their hosts 
such as egg or pupa, estimation of host energy available 
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to the parasitoid is relatively easier. Prakash and 
Pandian^ determined the host energy available for 
Sarcophaga banksi Senior-White parasitizing the eggs 
of the spider Argiope pulchella Thorell by considering 
the number of eggs present in the egg sac during 
parasitization and the number of spiderlings eclosed 
from the sac; they used the linear relationship between 
the egg sac area and the number of eggs present in the 
sacs to estimate the number of eggs initially present in 
the sac; considering the number of eggs ingested and 
the energy content of a single egg, the host energy 
ingested by S. banksi was estimated. Using the relation 
between the wet weight and the energy content of the 
host, Howell and Fisher^ calculated the host energy 
available to the parasitoid, Nerneritis canescens Grover 
during parasitization. However, they failed to consider 
the growth realized by the host after parasitization. 

In the present method, the host energy available to 
the parasitoid is derived from the growth curves of the 
parasitized host and of the parasitoid. Energy content 
of the host when it attains maximum growth can be 
noted from the easily estimatable growth curve of the 
parasitized host. Unfortunately, estimation of growth of 
the parasitoid is difficult. Estimation of the energy 
content of the freshly hatched parasitoid larva is 
difficult owing to its very small size rendering its 
location in the host-haemolymph difficult. As location, 
isolation and manoeuvering of the parasitoid larva is 
possible after 4 or 5 days of parasitization, the larvae 
may be dissected out from the host, counted and 
weighed once in 2 days after the fourth day of parasiti¬ 
zation and the mean weight of a single larva at 2 day 
intervals determined. The parasitoid larvae do not egest 
the faeces but retain it in their hindgut and egest as 
meconium during pupation‘\ Hence, the energy content 
of the terminal larva also includes the energy equivalent 
of the meconium. Assuming the energy content of the 
freshly hatched larva to be negligible, growth (P) may 
be calculated by subtracting the energy content of the 
meconium (Me) from the energy content of the terminal 
larva (TL): 

P = TL-Me. 

Considering the energy content of the parasitoid larva 
on different days after the fourth day of parasitization, 
a growth curve for the parasitoid may be drawn. 

Subtracting the energy content of the parasitoid 
from that of the parasitized host when it attained its 
maximum growth, the host energy available to the 
parasitoid can be estimated (Figure 1). Energy ingested 
by the parasitoid larva may be calculated by subtract¬ 
ing the energy content of the host remains (carcass) 
from the host energy available. After realizing maxi¬ 
mum growth, the host ingested less food and egested 
most part of it as faeces'^. Energy content of the host 
decreases due to rapid utilization of the host tissue by 



Age (day) 

Figure 1. Estimation of food energy available to the parasitoid. 
Roman numeral indicates host larval inslur and arrow indicates .stage 
of parasitization. a, Energy content of the host at its maximum 
growth; b. Energy content of the parasitoid larva at the time of 
maximum growth of the host. 

Note: Energy density of parasitized S. cxigim larva (25 larvae/cstima- 
tion; 3 estimations) and that of the parasitoid larva (/I. prodeniae: 80 
larvae/estimation; I estimation) was estimated u.sing a Parr 1421 
(Moline, USA) semimicro bomb calorimeter. Multiplying the dry 
weight of the insects with their corresponding energy density, biomass 
was converted into energy values. 


the parasitoid. Therefore, the difference between the 
energy contents of the host and of the parasitoid, when 
the host attained its maximum growth, may be treated 
as the host energy available to the parasitoid. This 
procedure of determining host energy available to the 


Table 1. Food consumption and utilization by Apanteles prodeniae 
parasitic on Spodoptera exlgua. 


Host energy available (J) 

64.7 ±5.2-5.2± 0.3 

= 59.5 ±3.2 

Carcass (J) 

42.8 ±2.6 


Consumption (J) 


16.5±1.2 

Meconium (J) 

0.53 ±0.1 


Assimilation (J) 


15.97 ±1.0 

Production 

11.37 ±0.6 


Metabolism (J) 


4.60 ±0.2 

Feeding rate (J/g/day) 

1.746 ±0.098 


Assimilation rate (J/g/day) 

2.690 ±0.104 


Production rate (J/g/day) 

1.203 ±0.077 


Metabolic rate (J/g/day) 

0.487 ±0,030 


Assimilation efficiency (%) 

96.8 ±5.8 


Gross production efficiency (%) 

68.9 ±3.7 


Net production efficiency (%) 

71.2 ±4.0 
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parasitoid takes into account the increase in the energy 
content of the host subsequent to parasitization. It also 
accounts for the energy expended on metabolism by the 
host. Table 1 provides estimates of the host energy 
available and that ingested by A. prodeniae parasitizing 
on S. exigua. 
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Nutritional value of the newly isolated 
Saccharomyces cerevisiae of palm wine 

V. Uma and H. Polasa 

Department of Microbiology, Osmania University, 

Hyderabad 500 007, India 

An analysis of the newly isolated Sacchairomyces 
cerevisiae showed that this strain could be a better 
feed/food supplement in terms of nutrition. The treat¬ 
ment of this strain with the mutagen A^-methyl-A'-nitro- 
A^-nitroso guanidine increased the thiamine content 3- 
fold, thus rendering the organism more nutritive. 

Yeasts are used as food/feed supplement because of its 
protein, amino acid and vitamin B contents. Among the 
yeasts, Candida utilis, Kluyveromyces fragilis and 
Saccharomyces cerevisiae are generally used as nutri¬ 
tional sources^ When yeasts were given as feed 
supplement to animals, there was an improvement in 
weight, egg size and increased disease resistance^ 


The palm sap or wine obtained from palm trees used 
as a beverage particularly in South India, harbors many 
yeast strains. These have not been properly exploited 
for nutritional purposes. We have isolated several yeast 
strains from palm wine of local palm trees. One of the 
isolates was identified as S, cerevisiae which gave better 
biomass and ethanol yield compared to others (Table 
1). This strain was further evaluated for its nutritive 
value in terms of cell protein, amino acid composition 
and thiamine (vitamin Bi). The effect of AZ-methyl-AT'- 
nitro-A/’-nitroso guanidine (MNNG), a potent mutagen, 
on the nutritional improvement of this strain was also 
studied. 

S. cerevisiae isolated from palm wine on YE PD 
medium (yeast extract-1 %, peptone-2% and dextrose- 
2%) was stored on the slants layered with paraffin oil at 
4°C. 

The biomass of the culture was estimated by drying 
the cells to a constant weight. Protein was estimated by 
determining the nitrogen content of the cells using the 
Microkjeldahl method^. The thiamine and riboflavin 
contents were estimated by chemical methods^’’The 
amino acid composition of the cellular protein was 
determined by subjecting it to HCl hydrolysis and 
analysing the amino acid contents using an automatic 
Beckman amino acid analyser (119 CL). 

The cells were treated with 0.2 mM MNNG (Sigma) 
for 210 min by the method described by Fahrig^. The 
cells after treatment were washed free of the mutagen 
and plated on YEPD medium with 1.5% agar. About 
20 colonies were selected at random after incubation at 
28''C and analysed for their nutritive value. 

The newly isolated yeast strain of S. cerevisiae was 
found to contain 47% protein and 180 jjg and 40 pg of 
thiamine and riboflavin/g dry weight of cells respec¬ 
tively. These values are comparable to the U.S. 
National Formulary (N.F x 1) 1960L 

In general, the contents of some of the cs.sential 
amino acids of the total cellular proteins were 


Table 1. F.thanol and biomas.s yield of various isolates of yeasts after 72 h incubation at 28' C in a shaker. 


Source of isolation 

Predominant yeast 

Ethanol yield in g/g glucose 

Bioma.ss yield in g/g sugar/1 

Grape (Anabshahi) 

flansenula .spp. 

0.22 ±0.005 

0.3 ±0.08 

Grapes (Anabshahi) 

Hansenula spp. 

0.15 ±0.005 

0.2 ±0.06 

Seedless grapes 

Hansenula spp. 

0.23 ±0.01 

0.31-0.01 

Seedless grapes 

Hansenida spp. 

0.19 ±0.005 

0.19 ±0.01 

Grapes (Bangalore blues) 

Hansemla spp. 

0.175 ±0.005 

0.191:0.09 

Soil 

Saccharomyces spp. 

0.24 ±0.005 

0.31 d:0.(X)9 

Soil 

Saccharomyces spp. 

0.25 ±0.007 

0.32 ±0.008 

Soil 

Saccharomyces spp. 

0.23 ±0.006 

0.28 ±0.009 

Palm wine (Toddy) 

S, cerevisiae 

0.27 ±0.005 

0.34 ±0.009 

Palm wine 

S. cerevisiae 

0.25 ±0.004 

0.30 ±0.01 

Palm wine 

S. cerevisiae 

0.24 ±0.005 

0.3 ±0.009 

Palm wine 

S. cerevisiae 

0.18 ±0.005 

0.19±0.01 

Palm wine 

S, cerevisiae 

0.16 ±0.004 

0.17 ±0.009 

Palm wine 

S. cerevisiae 

0.3 ±0.005 

0.4 ±0.01 

Mutagen-treated sample 17 

S. cerevisiae 

0.325 ±0.006 

0.42 ±0.01 


Mean of 5 individual experiments carried out in duplicates. 
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Table 2. Composition of amino acids of Saccharomyces cerevisiae 
of palm wine in comparison to FAO standard. 


Amino acids in g/100 g of protein 


S. cerevisiae* palm 

Recommended** FAO 

Amino acids 

wine 

standard 

Lysine 

7.7 

4.2 

Methionine 

1.0 

2.2 

Alanine 

5.6 

— 

Valine 

4.8 

4.2 

Histidine 

1.6 

— 

Isoleucine 

4.0 

4.2 

Phenylalanine 

4.0 

— 

Leucine 

7.0 

4.8 

Tyrosine 

2.0 

— 


*Amino acid composition of palm yeast is similar to that of C. utilis 
and soybean^' 

**Cited from Prior et ai^. 


Table 3. Effect of MNNG treatment on protein, biomass and 
thiamine content of Saccharomyces cerevisiae of palm wine. 



Protein 

Biomass in g/g 

Thiamine 

Culture 

(%) dry wt 

glucose/1 

/ig/g dry wt 

Original isolate" 

47 ±3.0 

0.44 ±0.01 

180 ±0.5 

MNNG-treated culture** 

47 ±3.0 

0.46 ±0.01* 

540 ±1.0* 


"Mean of 5 individual experiments carried out in duplicates. 
^’Mean of 20 samples isolated after MNNG treatment. 
^Significant at 5%. 
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Effect of uniconazol on transpiration of 
excised soybean leaves 

K. K. Bora and Sudha Mathur 

Department of Plant Physiology, Rajasthan College of Agriculture, 
RAJAU, Udaipur 313 001, India 

The synthetic plant growth-regulator uniconazol decreased 
transpiration rates in soybean. An analysis of transpira¬ 
tion decline curves reveals that uniconazol reduced the 
transpiration rate by decreasing stomatal transpiration 
through partial stomatal closure. 


comparable to that of FAO standard^, C. utilis^ and 
soybean (Table 2). Therefore, this strain of yeast 
could be used as feed supplement and as a substitute 
for soybean meal. 

MNNG treatment resulted in 25% survival of the 
cells. Twenty colonies which were isolated and examined 
showed no change in its protein content (i.e. 47%). 
However, the biomass of these cultures increased by 
0.02/g sugar/1 (from 0,44 to 0.46 g) which was 
^ statistically significant. The thiamine content also 

showed a three-fold increase (from 180 to 540jUg/g dry 
wt of cells) (Table 3). 

This new isolate of S. cerevisiae may serve as a good 
nutritional source for food/feed purposes. The culture 
has been deposited at the National Collection of 
Industrial Microorganisms, NCL, Pune, India (Acc. No: 
3558). 
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It has been reported earlier^ that synthetic growth- 
regulators like morphactins, benzothiadiazoles and 
ethephon are effective in controlling transpiration in 
sesame, growing under sub-optimal water irrigation. 
Uniconazol, a new synthetic plant growth-regulator, 
acts as antigibberellin and is known to inhibit excessive 
vegetative growth in plants'^’Information available 
about its role in transpiration in plants is meagre and 
hence an attempt has been made in this study to 
understand the role of uniconazol. 

The experiment was conducted during the 1988 kharif 
season. The three genotypes of Glycine max L., viz. 
monata, macs-13 and gaurav served as experimental 
materials. The plants were raised in 30 cm earthenware 
pots filled with alkaline calcareous soil. Fifty-five days 
after sowing, the plants received soil application of 
100 ml of 2 ppm of uniconazol (200/rg/pot), and 
untreated plants served as control. This concentration 
was selected after preliminary trials. Treatment combi¬ 
nations were replicated thrice. Transpiration of untreated 
leaves and those treated with uniconazol was measured 
60 days after sowing according to the method described 
earlier^To derive the transpiration decline curve, the 
decline of logarithm of the reduced fresh weight wa? 
plotted on the ordinate and the time (in minutes) on the 
abscissa. Waisel et al^ showed that analysis of stomatal 
response by this method is useful for comparison of 
stomatal responses of leaves of different physiological 
and ecological constitution. 

Figure la reveals that uniconazol decreased transpi- 
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Figure 1. Rate of transpiration in soybean genotypes. 1, Control: 
2, uniconazol; b, Transpiration decline curves. O, Control; •, 
uniconazol; I, stomatal phase; II, closing phase; III, cuticular phase. 


ration rates in all the three genotypes of soybean 
compared to their respective untreated controls. The 
decrease in rates was of the order of 53, 21 and 10% in 
monata, macS‘13 and gaurav respectively. An analysis of 
the transpiration decline curves shows predominance of 
stomatal and closing phases in control of monata and 
macs-13 whereas the cuticular phase appeared in all the 
treated plants of all the genotypes and control of 
gaurav (Figure lb). It is apparent that uniconazol 
reduced the transpiration rate by decreasing the 
magnitude of stomatal transpiration through partial 
stomatal closure and hence exhibited antitranspirant- 
like activity. Recently Santakumari and Fletcher*^ 
reported that triazoles partially close stomata in 
isolated epidermal strips of Commelina benghalensis L. 

Since most research has been aimed at controlling 
stomatal aperture with the ultimate objective of 
maintaining a favourable internal water balance^ the 
use of uniconazol may prove to be useful for enabling 
plants to withstand drought condition by preventing 
water loss, and keeping a high internal water balance. 
This view is supported by the fact that a related triazole- 
paclobutrazol-treated plants showed high water potential 
compared to control®. Further, it is noted that the 
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use of PM A as an antitranspirant does not seem to be 
safe, since it is poisonous on many enzymatic systems^ 
and drastically affects the chlorophyll content^. Hence 
it is apparent that the use of plant-growth regulators 
like uniconazol as antitranspirant holds great promise 
and make plants suitable for dryland cultivation 
without any adverse effects on the plants. 
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Amino acid carbohydrate 
transformations in adult Setaria cervi 
females 

A. K. Srivastava and S. Ghatak 

Division of Biochemistry, Central Drug Research Institute, 

Lucknow 226 001, India 

Adult Setaria cervi females were able to incorporate 
exogenous U-^'^C-glucose into proteins and 
chlorella protein hydrolysate into glycogen. Enzymes 
involved in this transformation were detected in crude 
homogenates of the worms. The activities of L-glutamate 
oxaloacetate transaminase (EC 2.6.1.1), L-glutamate 
pyruvate transaminase (EC 2.6.1.2) and L-glutamate 
dehydrogenase (EC 1.4.1.3) were around 8660 ±114; 
12600 ±391 and 0.27-0.90 nmol/min/mg protein res¬ 
pectively. 

Very few reports are available on the relationship 
between amino acids and carbohydrates in filarial 
group of nematodes We had earlier ! described a cell- 
free system for protein biosynthesis in a bovine filarial 
nematode Setaria cervi adult females^. This paper 
reports that adult S. cervi females could form glycogen 
from a mixture of amino acids and proteins from 
glucose. 

The methods for collection, incubation and preparation 
for enzymes of 5. cervi adults have been described 
elsewhere"^. The adult S. cervi females were collected 
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from freshly slaughtered naturally infected water 
buffaloes {Bubalus bubalis Linn.) at a local abbatoir 
soon after decapitation, and brought to the laboratory 
in physiological saline. For incubation studies, the 
actively motile worms (100-150 mg wet weight) were 
placed in 10.0 ml of Krebs Ringer bicarbonate medium 
(KRB) containing either 37.0 kBq U-^'‘‘C-glucose 
(5.55 mM) or U-^'*^C-chlorella protein hydrolysate 
(1.0 mg/ml). After 1 h of incubation the worms were 
removed, washed thoroughly with fresh chilled KRB 
containing ihe respective cold carrier and homogenized 
in ice-cold glass distilled water. Macromolecular 
fractions were separated^ and the amount of radio¬ 
activity was measured by Packard liquid scintillation 
counter^. For enzyme studies, the actively motile worms 
were homogenized in 10 volumes of 150 mM KCl (w/v). 
Homogenates were centrifuged at 1,000^ for 15 min 
at 4“C; supernatants were analysed for L-glutamate 
oxaloacetate transaminase (EC 2.6.l.l), L-glutamate 
pyruvate transaminase (EC 2.6.1.2) and L-glutamate 
dehydrogenase (EC 1.4.1.3) activities according to 
Reitman and FrankeF, and Langer and Bernhardt®. 

Figures 1 and 2 show the amount of radioactivity 
recovered in different fractions of S. cervi adult females 
after incubation with U-^'^C-glucose and U-^'^C-chlorella 
protein hydrolysate. Nearly 2-3% of the total radio¬ 
activity from U-^'^C-glucose was found in the protein 
fraction and about 3-5% of the total radioactivity from 
U-^'^C-chlorella protein hydrolysate was associated 
with the glycogen fraction after 1 h of incubation. 

Tables 1 and 2 show the activities of L-glutamate 
oxaloacetate transaminase, L-glutamate pyruvate trans- 



a b c d e f 

Fraction 

Figure 1. Distribution of radioactivity after incubating adult Setaria 
cervi females in Krebs Ringer bicarbonate medium containing 
glucose (5.55 mM). a, Whole homogenate; b, cold trichloroacetic acid 
soluble fraction; c, glycogen fraction; d, trichloroacetic acid precipitable 
protein fraction; e, lipids; f, nucleic acid fraction. 



Fraction 

Figure 2. Distribution of radioactivity after incubating adult Setaria 
cervi females in Krebs Ringer bicarbonate medium containing 
chlorella protein hydrolysate {1.0 mg/ml), a, Whole homogenate; b, 
trichloroacetic acid precipitable protein fraction; c, trichloroacetic 
acid soluble fraction; d, glycogen fraction. 


Table 1. Activity of L-glutamate oxaloacetate 
transaminase, and L-glutamate pyruvate transaminase in 
cell-free extracts of adult Seiciria cervi females. 

Enzyme Activity* 

L-Glutamine oxaloacetate transaminase 8660±114 
L-Glutamine pyruvate transaminase 12600 ±391 

*Values are expressed us nmol/min/mg protein ±SE, based 
on triplicate samples of three separate batches. 


Table 2. Activity of L-glutamale dehydrogenase in cell-free 
extracts of adult Setaria cervi females towards various substrates 
and CO factors, 


Substrates used 

Co factor 
employed 

Activity* 

L-Glutaminc 

NAD 

0.90 ±0.12 

-do- 

NADP 

0.27 ±0.09 

a-Ketoglutarate, and NHi ions 

NADH 

0.76 ±0.21 

-do- 

NADPH 

0.61 ±0.11 


*Values are expressed as nmol/min/mg protein ±SE, based on 
triplicate samples of three separate batches. 


aminase and L-glutamate dehydrogenase in cell-free 
extracts of S. cervi adult females. Of the two trans¬ 
aminases, glutamate pyruvate transaminase was more 
active than glutamate oxaloacetate transaminase. The 
specific activities of the system which deaminate 
glutamate with either NAD"^ or NADP as cofactor 
show that the reaction proceeds more rapidly when 
NAD"^ was used. Glutamate formation by the L-gluta- 
mate dehydrogenase proceeds essentially at the same 
rate regardless of the cofactor (either NADH or 
NADPH) employed. 
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The simplest way by which the carbon atoms derived 
from glucose may be incorporated into amino acids and 
finally into, the proteins occurs by reductive amination 
reaction which are catalysed by glutamate dehydro¬ 
genase^. A comparison of amination and deamination 
reactions catalysed by L-glutamate dehydrogenase 
indicates that the amination of a-keto acids is more 
active than the deamination reactions (table 2). Since a- 
keto acids are the common intermediates of glucose 
utilization in the filarial worms ^ it is not surprising 
that reductive amination of these amino acids is the 
basis for the appearance of radiocarbon of glucose in 
protein fractions like animal cells in these nematodes. 
Enzymes catalysing the transamination reactions between 
amino acids and a-keto acids are also present in S, cervi 
adult females which may also be another link between 
carbohydrate and amino acid metabolism. A reverse 
tricarboxylic acid cycle has been reported in many 
filarial species^^"'^^. On this basis it can be proposed 
that the incorporation of carbon atoms of chlorella 
protein hydrolysate into glycogen fractions of S. cervi 
adult females is the result of deamination of amino 
acids of chlorella protein hydrolysate and also their 
entry into tricarboxylic acid cycle. 
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Erythrocytic membrane changes in 
sheep infected with Dictyocaulus filaria 

T. K. Bhat and R. L. Sharma 

Regional Research Centre, Indian Veterinary Research Institute, 
Srinagar 190 005, India 

Lambs infected orally with 2500 Dictyocaulus fikrm 
larvae showed a significant fall in levels of erythrocyte 
membrane cholesterol, cholesterol: phospholipid ratio and 
acetylcholinesterase activity from fourth to tenth week 
(JP<0.05 to P< 0.001) post-infection. Plasma cholesterol 
levels in infected lambs were also significantly different 
from fifth week onwards from those in uninfected 
controls. These alterations set in one to two weeks prior 
to increase in osmotic fragility of erythrocytes and 
coincided with development of the parasite to adult stage 
in the infected host. 

An increase in the osmotic fragility of erythrocytes has 
been reported in various diseases of livestock^ and in 
toxic conditions^. Recently, increased osmotic fragility 
of sheep erythrocytes was reported in Dictyocaulus 
filaria infection^. This communication reports our 
preliminary findings on erythrocyte membrane changes 
vis-a-vis decreased resistance of sheep erythrocytes to 
osmotic lysis in D. filaria infection. 

The study was carried out in D. filaria producer 
lambs maintained at this laboratory for vaccine 
production. Eight producer lambs were randomly 
selected and grouped into acute infection (5 lambs) and 
chronic infection (3 lambs) groups based on day of 
infection. The zero week post-infection (PI) observation 
for various parameters in the chronic infection group 
corresponds to 27th week PI. Each animal in these 
groups had received an infection dose of 150 D. filaria 
larvae per kg body weight. Three animals were also 
maintained as uninfected controls. The osmotic fragility 
of erythrocytes was determined as described earlier^. 
Standard methods were employed for the preparation 
of erythrocyte membranes"^, estimation of membrane 
cholesterol and phospholipids^ and determination of 
acetylcholinesterase activity^. The study was carried out 
for ten weeks. 

The lambs in acute stage of infection showed a 
decrease from fourth week onwards in membrane 
cholesterol (0.89±0.13 to 1.31 ±0.14 mg/ml packed 
cells), cholesterol to phospholipid ratio (0.61 ±0.13 to 
0.84±0.12) and acetyicholinesterase activity (10.56± 1.75 
to 16.36 ± 1.8 mol/min/RBC X 10“^^) compared to un¬ 
infected controls (cholesterol, 1.38 ±0.09 to 1.45 ±0.1; 
cholesterol to phospholipid ratio, 0.97±0.09 to 
1.00 ±0.08; acetylcholinesterase activity, 18.88 ±1.75 to 
18.76± 1.95). However, group differences were significant 
from fourth or fifth week PI (P<0.05 to P< 0.001.) 
Membrane phospholipids in the infected lambs remained 
unaffected during the course of infection. The changes 
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in erythrocyte membrane constituents had set in one to 
two weeks prior to the significant decrease (P<0.01 to 
P< 0.001) in the resistance of sheep erythrocytes to 
osmotic lysis (0.77 ±0.02 to 0.82 ±0.02 initiation; 
0.54 ±0.05 to 0.65 ±0.02 completion). In chronically 
infected lambs, the various erythrocyte membrane 
constituents were restored to near-normal (cholesterol, 
1.28±0.12 to 1.32±0.11; cholesterol to phospholipid 
ratio, 0.93 ± 0.09 to 1.00 ± 0.08; acetylcholinesterase 
activity, 17.90 ±1.45 to 18.15 ±1.25). The erythrocytes 
of these animals continued to remain osmotically more 
fragile (0.70 ±0.02 to 0.74 ±0.02 initiation; 0.50 ±0.02 to 
0.56 ±0.03 completion) than those of uninfected controls 
(0.67 ±0.01 to 0.70 ±0.03 initiation; 0.46 ±0.01 to 
0.48 ±0.01 completion). However, the differences were 
not significant. 

It is interesting to observe that the increase in 
erythrocyte fragility is preceded by a decrease in 
various membrane constituents during acute course of 
infection. Further, the alterations in these constituents 
coincide with the development of the nematode parasite 
to adult stage and its establishment in the air passages 
of the host, causing progressively increased interference 
with free flow of air and gaseous exchange in the lungs. 
In acute infection, the parasite is known to cause 
hypoxia and hypoxaemia'^, whose degree is associated 
with the extent of increase in osmotic fragility of the 
erythrocytes in this host-parasite system®. This is 
further supported by the present observation of 
restoration of osmotic fragility to near normal level in 
chronically ill animals. 

Altered susceptibility of erythrocytes to osmatic lysis 
has been reported in disease and toxic conditions®, 
besides structural defects and damage to erythrocyte 
membranes^. The decrease in membrane cholesterol, 
cholesterol to phospholipid ratio and acetylcholineste¬ 
rase activity, seem to be the direct effects of hypoxic 
injury suffered by the sheep erythrocytes during acute 
infection. This is corroborated by the restoration to 
near-normal of these membrane constituents and 
erythrocytic fragility in chronic stage of infection (27th 
week PI onwards), when the infected host is relieved to 
a large extent from the hypoxic effects of the disease 
through various host compensatory mechanisms, besides 
worm expulsion from the lungs by acquired immune 
mechanism. 

This happens to be the first study of erythrocyte 
membranes in helminth infections of man or animals. 
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Some observations on goats following 
administration of Leptospira interrogans 
serovar hardjo 

S. K. Srivastava and M. C. Sharma 

Division of Bacteriology and Mycology, ^Division of Experimental 
Medicine and Surgery, Indian Veterinary Research Institute, 
Izatnagar 243 122, India 

Leptospira interrogans serovar hardjo cells were inoculated 
in two goats and bacteriological, serological and 
biochemical observations were made at various intervals. 
The goats exhibited a biphasic fever curve, the increase 
in temperature (104-105°F) being the first observed at 
9th or 10th day post-inoculation (DPI) lasting up to 20th 
or 21st DPI. The second curve was observed between 
22nd or 25th DPI and 32nd DPI. No other clinical sign 
was observed in any goat. During pyrexic phase 
leptospires were visible microscopically in the blood. 
However, attemps to culture the organisms, either from 
the blood or urine or tissue collected during necropsy 
failed. Antibodies against the hardjo cells were detected 
in goats during the initial pyrexic curve employing 
microscopic agglutination test (MAT) (at 14th DPI) and 
indirect haemagglutination test (IHA) (at 7th DPI). 
MAT titres in the goats remained more or less unchanged 
whereas the IHA titres declined. Biochemical studies 
carried out using sera of infected goats indicated an 
increase in liver enzymes namely alanine aminotransferase 
and aspartate aminotransferase and elevated bilirubin 
and cholesterol levels, suggesting liver damage. Albumin 
concentration in goats decreased with increase in globulin 
concentration. 

Leptospira interrogans serovar hardjo is an important 
pathogen of almost all the farm animals. The charac¬ 
teristic clinical features which develop in animals 
following the infection with this organism are abortion, 
still birth, infertility and mastitis 1,2. In goats, however, 
the only clinical sign which has been reported to 
develop following the administration of hardjo strains is 
a rise in rectal temperature ^ No other information on 
infection in goats is available. 

In the present study efforts were made to study bio¬ 
chemical changes in goats inoculated with L. interrogans 
serovar hardjo. Bacteriological and serological observa- 
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tions were also made to study the progress of the 
disease. 

Two female adult goats, Nos 1 & 2, were inoculated 
intramuscularly with 10 ml of normal saline solution 
containing 2x10^ cells of L. interrogans serovar hardjo 
and blood collected at various days post-inoculation 
(DPI). A portion of the blood was inoculated in Elling- 
hauson and McCullough medium for culturing leptospires 
and the other for obtaining serum for serological study 
and blood chemistry. Rectal temperature of the animals 
was recorded daily. 

Antibody titres in sera of infected goats were moni¬ 
tored^ by employing the microscopic agglutination test 
(MAT) and an indirect haemagglutination test (IHA). For 
conducting MAT live hardjo cells were used whereas for 
IHA, lipopolysaccharides (LPS) from hardjo cells were 
extracted, according to Vinh et and adsorbed on 
sheep red blood cells (SRBC) using glutaraldehyde^. 
These sensitized SRBC formed the antigen for IHA. 

Serum constituents of the infected goats, viz. bilirubin 
were determined according to Ducci and Watson^, 
whereas for estimating total protein and serum albumin 
the method of Greenburg^ was followed. Serum 
globulin was determined by subtracting albumin 
concentration from total protein. The ratio of albumin 
and globulin (A:G) in serum was determined by 
dividing the per cent of albumin with globulin 
percentage. Serum cholesterol was determined by the 
method of Zlatkis et alP 

Serum transaminase, viz. aspartate amino transferase 
(AST) and serum glutamic pyruvic transaminase (ALT) 
were estimated colorimetrically following Reitman and 
Frankel®. 

The values obtained at different intervals were 
compared using Student’s t test to study the significance 
of difference^. 

None of the goat developed any clinical sign during 
the study. Rectal temperature in goat No. 1 rose to 105°F 
9th DPI and remained high until 20th DPI. In goat No. 
2 this rise was observed on the 10th day and lasted 
until 21st DPI. This fever response was followed by 
another pyrexic curve starting at 22nd DPI in goat 
No. 1 and 25th DPI in the other goat By 32nd DPI the 


temperature in both the animals had returned to 
normal. Attempts to isolate leptospires from urine and 
blood of the goats collected at various intervals 
were not successful. Direct microscopic testing of 
these sample also did not yield leptospires except once 
in blood during 10th and 15th DPI when the goats 
were experiencing high fever. At 68th DPI the goats 
were sacrificed and the organs examined for gross 
pathological lesions and the presence of leptospira 
organisms. No pathological lesions were visible in any 
of the organs. Leptospira organisms could not be 
isolated from any of the organs even up to 3 months of 
incubation of inoculated media. 

MAT and IHA titres in both goats were nil during 
the beginning of the experiment. At 7th DPI MAT 
titres in both the goats were 1:80 which rose to 1:160 
only in goat No. 1 at 14th DPI and remained 
unchanged throughout the study. The other goat 
showed a titre of 1:60 at 21st DPI which also did not 
change until 63rd DPI when the study was terminated. 

IHA titres in both goats were 1:128 at 7th DPI 
which declined to 1:32 at 14th DPI and remained 
unchanged up to 21st DPI. A further decline was 
observed at 28th DPI (1:16). The titres in goats did not 
decline further when tested at 42nd DPI and 63rd DPI. 

Mean values obtained in goats on various biochemical 
parameters are given in Table 1. AST and ALT activities 
in goats increased after the inoculation of leptospira 
culture. Maximum increase was recorded at 28th DPI. 
At 63rd DPI the ALT activity returned to normal value 
but AST continued to be high (P<0.005). Bilirubin in 
animals also increased following inoculation. The total 
protein in animals did not change whereas albumin 
showed significant decrease at 21st and 28th DPI. On 
the other hand, the globulin in goats increased and 
remained significantly higher throughout the study. 
Similarly serum cholesterol level in goats increased after 
inoculation and remained high during the study period. 

The administration of hardjo in goats resulted in the 
production of biphasic fever curve without any other 
symptom being noticed. No gross pathological lesion of 
any kind was visible on post-mortem. Thus the admini¬ 
stration of hardjo resulted in a mild reaction possibly 


Table 1. Mean changes in biochemical parameters observed in goats at different days. 


Days post¬ 
inoculation 

ALT 

(RF Units/ml) 

AST 

(RF Units/ml) 

Serum 

bilirubin 

(mg/dl) 

Total 

Protein 

(gm/dl) 

Albumin (A) 
(gm/dl) 

Globulin(G) 

(gm/dl) 

A:G 

ratio 

Serum Choles- 
trol 

(mg/dl) 

0 

20.00 ±1.4 

51.50 ±6.3 

0.29 ±0.02 

6.15 ±1.24 

3.18±0.004 

2.97 ±0.006 

1.07 ±0.01 

107.85 ±3.32 

14 

33.00 ±4.24^ 

92.50 ±2.12' 

0.49 ±3.0 

6.34 ±0.11 

2.84 ±0.20^ 

3.50 ±0.03*^ 

0.81±0.07» 

190.8 ±4.3'’ 

21 

40.9±2.12‘’ 

139.0 ±2.82^ 

0.41 ±1.4 

6.20 ±0.40 

2.46 ±0.12^ 

3.74 ±0.20^ 

0.66±0.0l’’ 

201.22 ±4.2'’ 

28 

41.5 ±0.70^ 

165.5 ±6.26*’ 

0.57 ±5.2^^ 

6.18 ±0.06 

2.58 ±0.02^ 

3.6 ±0.08^ 

0.71 ±0.02^ 

206.8 ±5.1'’ 

42 

35.5 ±3.5^ 

168 ±6.36*’ 

0.70 ±5.3"^ 

6.52 ±0.4 

2.80 ±0.15 

3.72 ±0.32^ 

0.75 ±0.02* 

206.3 ±4.7'’ 

63 

a _ __ 

25.5 ±0.7 

L _/•_ _ _ . 1 

150±11.3' 

0.60 ±1.34" 

6.10 ±0.10 

2.66 ±0.07 

3.44 ±0.03^ 

0.77 ±0.00“ 

180.04 ±7.6“ 


^ = Significant change from day 0(P<0.01). 
< 0 . 001 . 


'^ = P< 0.005. 
‘^ = P <0.025. 
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due to leptospiraemia, as reported earlier in cattle^®. 
The occurrence of a biphasic fever curve was interesting. 
This may be due to reseeding of organisms in the 
blood from liver, spleen, etc. where organisms could 
have been lodged following the initial leptospiraemia 
phase. This requires further investigation as the 
organisms could not be demonstrated in these organs 
collected during post-mortem, either culturally or by 
direct microscopy. It is possible that the organisms did 
localize initially but were soon cleared as a result of the 
development of immune response as indicated by the 
presence of MAT and IHA titres in animals and the 
increase in total globulin contents. 

The immune response elicited in animals following 
the inoculation of hardjo cells was milder in nature. 
MAT titres in these animals developed slowly and did 
not change appreciably. However, the titres as detected 
by IHA developed quickly and then declined. These 
observations suggested that in fact two different 
antibody classes were detected by these tests in spite of 
the fact that in MAT and IHA, antibodies directed 
against lipopolysaccharide antigen were supposedly 
responsible for agglutination. It appears that a change 
in location and the native form of the antigen were 
responsible for such a difference. 

Table 1 reveals an increase in serum cholesterol and 
bilirubin at various DPI. The former could be due to 
decreased excretary function of the liver^^ It is 
postulated that the organisms caused damage to 
hepatic parenchyma resulting in a decrease in the 
volatile and higher fatty acid uptake by liver for 
glucogenesis which entered the circulation to cause 
hypercholesterolemia. Increase in the bilirubin concen¬ 
tration was again suggestive of the damage of liver 
parenchyma which caused a decrease in excretion of 
bilirubin. Abnormally high values of AST and ALT 
were observed from 14th DPI onward. An increase in 
the liver enzymes due to hepatic damage has been 
observed in different farm and laboratory animals^ 

A two to three-fold increase in AST and ALT values 
after hardjo administration indicated a significant 
damage to hepatic cells. All these findings were thus 
indicative of liver damage. Virulent leptospires have 
predilection for parenchymatous organs such as liver^"^, 
spleen, kidney, etc. subsequently causing local damage. 
The present study suggests that in goats liver is affected. 
However, the use of several strains is suggested to see 
whether other organs are also involved. 
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Insulin tolerance in lean and obese hens 

S. P. S. Gill, S. S. Sikka, S. P. S. Singha*, M. S. Setia* 
and P. J. S. Rattan* 

Departments of Animal Sciences and ^Veterinary Physiology, 

Punjab Agricultural University, Ludhiana 141 004, India 

Insulin caused signiflcant decline in blood glucose levels 
within half an hour after injection in breeder hens. Rate 
of decline, however, was much lower in heavier birds than 
in lighter ones. Plasma cholesterol and free fatty acid 
levels did not differ signiHcantly. Plasma VLDL-f LDL 
levels were altered significantly, but the pattern of 
change among high-, medium- and low-body-weight birds 
was opposite to that of blood glucose. VLDL + LDL 
levels were highest in heavier birds and remained elevated 
longer than in lighter birds. The response of lean and 
obese individuals to insulin appears to be different and 
could be one of the reasons for obesity. 

The mechanisms, involved in the abnormal insulin 
secretory dynamics, associated with obesity are unclear. 
Although insulin resistance is associated with obesity, it 
is not clear whether obesity regulates insulin levels or 
whether insulin levels lead to obesity ^ 

Glucose-insulin imbalance was earlier considered to 
be one of the possible reasons for obesity in high body 
fat depositing individuals^. Lower levels of plasma 
glucose in high abdominal fat depositing individuals 
have been observed^. As in humans, over 90% of 
the total body lipogenesis occurs in the avian liver"*^. An 
experiment was conducted to study the effect of 
exogenous insulin injection on carbohydrate-lipid 
interactions in high and low body weight birds used as 
model for humans. 

Thirty-six adult broiler breeder hens were divided 
into three groups of 12 birds each on the basis of their 
body weight. The average body weights in the high, 
medium and low body weight groups were 3.76 ±0.75, 
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Radio astronomy at TIER 


Twenty-five Years of Radio Astronomy at 
Tata Institute of Fundamental Research. 
A brochure brought out by the Radio 
Astronomy Centre, Ootacamund, 1989. 
64 pp. 


In April 1963 the great visionary Homi 
Bhabha undertook a venture that is 
today a fine example of scientific 
achievement in India. Bhabha was the 
only one to respond promptly to a letter 
written two years earlier by a group of 
Indian radio astronomers working 
abroad, expressing their desire to return 
home to initiate a radio astronomy 
programme in India. Prior to the 
formation of the radio astronomy group 
at the Tata Institute of Fundamental 
Research (TIFR) in Bombay in 1963, 
there were some attempts in the mid- 
fifties, notably at the National Physical 
Laboratory in New Delhi, to start some 
research in radio astronomy, but they 
did not succeed, in spite of the tremen¬ 
dous support from K. S. Krishnan who 
was heading NPL at that time. 

Last year, the radio astronomy group 
of TIFR celebrated its silver jubilee. The 
excellent brochure that was brought out 
is instructive in many ways. It appeals 
to both popular and scientific audiences. 
The references at the end of the text 
bear ample testimony to the success of 
radio astronomy in India. 

In June 1963 Govind Swarup pro¬ 
posed construction of a radio telescope 
near Ooty (Ootacamund) in the pic¬ 
turesque Nilagiri Hills in south India. 
The Ooty radio telescope (ORT), com¬ 
pleted in 1969, was conceived and 
designed to exploit the lunar occultation 
technique for the measurement of the 
angular sizes of distant radio sources. 
The observations made during the 
seventies revealed the angular structures 
of more than a thousand radio galaxies 
and quasars. Another notable achieve¬ 
ment of ORT was in the study of 
interplanetary scintillation (IPS), the 
radio analogue of the familiar twinkling 
of stars. IPS observations with ORT of 
a large number of radio sources have 
given valuable information on the para¬ 
meters of the interplanetary medium 
and on the angular fine structure in 
radio galaxies and quasars. The design 
and construction of the Ooty synthesis 
radio telescope (OSRT) and the use of 


ORT as a part of a very long baseline 
interferometer network of telescopes are 
also described in this section. 

Under the section on Extragalactic 
radio astronomy, the results obtained 
with ORT and OSRT are described and 
compared with those obtained at other 
frequencies elsewhere. “The special 
capability of the OSRT for detecting 
diffuse radio emission was successfully 
employed to discover a giant radio 
galaxy 0503-286 of size 2.5 Mpc which 
is the largest known radio source in the 
southern hemisphere. ...” The Ooty 
lunar occultation survey has provided 
angular size estimates of a large number 
of strong and weak radio sources with 
resolutions of 1 to 10 arcsec. These 
estimations were used in investigating 
the angular size-flux density relation 
which showed that at least in the case of 
radio galaxies a linear size evolution 
with cosmic epoch has to be postulated. 
Subsequently, this investigation was 
extended to much weaker sources by 
other workers. The large data base 
generated by the survey has also been 
used to investigate the radio luminosity 
function and its evolution, spectral 
index and flux density relation and its 
dependence on radio luminosity and red 
shift. Spectra of extragalactic radio 
sources have also been investigated to 
search for ultra steep spectrum sources 
which are believed to be prospective 
candidates for high redshift galaxies. 
Measurement of relative abundance of 
deuterium to hydrogen and a search for 
primordial hydrogen at high redshifts 
from protoclusters have yielded upper 
limits on important cosmological para¬ 
meters. 

Under the section on Galactic radio 
astronomy, results on several supernova 
remnants are presented; the most strik¬ 
ing result being the chimney-like feature 
observed in Crab Nebula at /120 cm 
with Very Large Array and X92 cm with 
OSRT. Even though ORT is ideally 
suited for pulsar research, it could not 
effectively contribute its due share 
probably because of the lack of proper 
manpower and high speed computers at 
that time. A survey of hydrogen recom¬ 
bination lines near 325 MHz in 53 
directions in the galactic plane has 
yielded positive results in 47 directions 
towards well-known HII regions, super¬ 
nova remnants and even regions devoid 
of discrete continuum sources support¬ 
ing the theoretical expectation that at 


this frequency most of the line radiation 
occurs due to stimulated emission in the 
presence of background radiation field. 

Another important area of research 
which was undertaken with ORT is the 
extensive interplanetary scintillation 
survey of the galactic plane. These 
scintillations arise when the radio waves 
from a compact source are scattered by 
the solar-wind plasma, producing random 
diffraction patterns on the Earth. Useful 
information can be obtained on both 
the interplanetary medium and the 
angular size of the radio source. The 
investigations showed that an anticor¬ 
relation exists between the scintillating 
flux density and the total source flux 
density indicating that the weaker 
sources are more compact. Using IPS 
technique interplanetary medium has 
also been studied. It has also been 
shown that under certain conditions it is 
possible to derive the parameters of 
solar wind, in particular its velocity, 
from single station IPS data on a point 
source instead of the traditional three- 
station IPS system which is normally 
used for such work. 

In the last section, the technological 
fallouts from ORT project have been 
described. The main spin-offs are in the 
fields of microwave antenna develop¬ 
ment and high sensitive UHF radio 
receivers. A brief description of the very 
ambitious Giant Metrewave Radio 
Telescope (GMRT) which is under 
construction is given at the end. When 
completed in 1992, it would be 'the 
most powerful facility in the world for 
astronomical research in the metre and 
decimetre wavebands (30 to 1420 MHz)’. 
It is hoped that GMRT will launch the 
Indian radio astronomy community 
into the twentyflrst century and will 
have impact on astronomy at other 
wavelength bands too. 

N. V. G. Sarma 
Raman Research Institute 
Bangalore 560 080 


Analysing power systems 


Energy Function Analysis for Power 
System Stability. M. A. Pai. Kluwer 
Academic Publishers, Boston, 1989. 
240 pp. 


This is a research monograph written 
by a well-known contributor to the 
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field. It is a sequel to an earlier book by 
the same author (Power System Stability^ 
North-Holland, kew York, 1981), and 
covers the state of the art in direct 
methods of stability evaluation and 
stresses particularly the recent deve¬ 
lopments using energy functions. 

The direct methods based on Lia¬ 
punov/energy functions have the poten¬ 
tial of simplifying computations in 
determining transient stability regions 
of large power systems for both off-line 
and on-line studies. While rapid deve¬ 
lopments have taken place during the 
last ^decade in the field of research on 
energy functions, the practical applica¬ 
tions in system planning and operations 
are lagging behind. Further advances 
are required in making energy functions 
a practical and versatile tool for stability 
studies. This book is a timely compen¬ 
dium of the recent advances and will 
serve as a fillip for further research in the 
field. 

The book contains seven chapters 
and an appendix. The first chapter 
serves as an introduction to the basic 
notions of synchronous stability and the 
concept of energy functions. The equi¬ 
valence of equal area criterion (appli¬ 


cable to two-machine systems) and 
energy function approach is empha¬ 
sized. The second chapter deals with the 
classical models of synchronous ma¬ 
chines and the development of energy 
functions both for reduced networks 
(using constant impedance load models) 
and networks where the structure is 
preserved. The latter allows consider¬ 
ation of nonlinear and frequency- 
dependent load models. Chapter 3 is 
devoted to the reduced-order energy 
functions, which attempt the extension 
of the equal area criterion to multi¬ 
machine systems. Chapter 4 considers 
the detailed models of synchronous 
machines. The recent developments 
using structure-preserving energy func¬ 
tions are also described. In chapter 5, 
the theoretical aspects of the computa¬ 
tion of the regions of stability are 
discussed. The potential energy boun¬ 
dary surface (PEBS) and the controlling 
unstable equilibrium point methods are 
described in detail. Chapter 6 presents 
some of the practical applications of the 
energy function methods. The applica¬ 
tions for dynamic security assessment 
are also included. However, as the 
author says: ‘At the present time, these 


tools remain as demonstrative packages 
only. They have yet to be integrated in 
EMS data base to establish consistency 
and reliability of the results so far as the 
operator is concerned.’ The last chapter 
lists some of the open research problems 
and discusses the future scope of energy 
function methods. The existing gaps in 
the analytical and computational as¬ 
pects are identified. While some 
methods, although theoretically sound, 
suffer from the ‘curse of dimensionality’, 
other, heuristic methods, although 
backed by physical intuition, have yet 
to be refined by extensive testing on 
large-scale systems. The appendix gives 
data for a 10-machine system ‘extens¬ 
ively used by many researchers and can 
serve as a test system for trying out the 
different algorithms that are proposed. 

This book, comprehensive and scho¬ 
larly in its contents, should prove 
invaluable to researchers and practising 
engineers interested in the energy func¬ 
tion methods. 

K. R. Padiyar 

Dept of Electrical Engineering 
Indian Institute of Science 
Bangalore 560 012 
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3.49 db 0.20 and 3.09 dz 0,15 kg respectively. Their 
abdominal fat pad weights determined by slaughtering 
at the end of the experiment were 192.28 ±9.10, 
120.24± 10.10 and 82.74±6.75 g respectively. 

The birds fasted overnight were infused insulin 
at 1 lU/kg body weight in the wing vein. One blood 
sample was drawn into a clean heparinized glass vial 
from the wing vein of each bird just prior to the 
injection. Subsequent blood samples were similarly 
taken from 2 birds in each group at 0.5, 1.0, 1.5, 2.0, 2.5 
and 3.0 h post-injection. The birds were sacrificed after 
3 h and their abdominal fat pad weights determined. 

Protein-free filtrate of an aliquot of the blood sample 
was prepared immediately after collection for subsequent 
analysis of blood glucose following Folin and Wu^. 
Plasma was separated from the rest of the blood 
samples immediately and stored at — 20°C till further 
analysis for free fatty acids^, cholesterol and very low 
density lipoprotein (VLDL) ± low density lipoproteins® 
(LDL). The data so obtained were subjected to 
statistical analysis^. 

The basal levels of blood glucose were statistically 
similar in all the three groups (Table 1). The values 
observed were similar to those reported by Sturkie^®. 
An abrupt and significant decline in blood glucose level 
was observed in all the three groups within 30 min 
following the insulin injection. The decline was 
minimum in the high body weight group. However, the 
levels showed an increase in the medium and low body 
weight groups by one hour post-injection and the 
values continued to fall in the heavier birds till 1.5 h 
post-injection. In the other two groups the levels fell by 
1.5 h post-injection. The lowest levels were observed at 
1.5 h post-injection in high and medium body weight 
groups whereas in the lower body weight group the 


lowest values were recorded at 2.5 h post-injection. 

The increase in glucose levels seen after 1 h post¬ 
injection in the medium and low body weight groups 
could be due to endogenous reflex secretion of glucagon 
to offset the rapidly declining glucose levels. Both 
medium and low body weight group birds exhibited 
typical insulin shock response by a sudden fall in the 
plasma glucose level, followed by reflex elevation 
under the influence of glucagon and then further decline 
due to the influence of insulin The obese individuals 
responded differently probably due to some resistance 
to the action of insulin and delayed response. These 
findings support the theory of insulin-glucose imbalance 
in the obese individuals^. 

The basal-free fatty acid levels were lowest in the low 
body weight group though the differences between the 
three groups were statistically not significant (Table 1). 
The levels in high and medium body weight groups fell 
up to 1 h post-injection and thereafter peaked by 2.0 
and 2.5 h respectively before falling back towards the 
basal levels. The response of low body weight birds 
was, however, different. The levels started rising 
following insulin injection and peaked by 1.5 h post¬ 
injection and thereafter fell towards the basal levels. 

In contrast to most mammalian species where 
exogenous insulin causes a decrease in the plasma-free 
fatty acids, an increase has been observed in our study. 
Similar findings have been reported earlier^ ^ The 
response of the three types of birds appears to be 
different when compared to the response of plasma 
glucose level. 

The response of the heavy birds showed similarities. 
As the blood glucose level fell, free fatty acid level 
increased in these birds. Liver is the major site of fatty 
acid synthesis in chicken and humans"*^. Hence in 


Table 1. Glucose, free fatty acids, cholesterol, VLDL -H LDL in high, medium and low body weight groups of hens after insulin injection. 


Body wt. 
range 

0 

0.5 

1.0 

Time (h) 

1.5 

2.0 

2.5 

3.0 

Glucose (mg %) 







High 

211.06*“±8.33 

157.90*'’± 18.86 

141.25*‘± 11.85 

116.59**'±7.66 

133.33*“± 18.31 

160.44**’±6.27 

16266**’± 20.73 

Medium 

186.68*“ ±11.46 

110.66*''± 14.37 

125.83**’±20.83 

112.49*“± 18.33 

128.16**’±25.06 

122.33**’±35.10 

152.46*^ ±23.29 

Low 

185.99’'‘’± 13.02 

134.49**’±18.83 

143.66*'’± 13.10 

109.33*‘± 11.49 

107.16*^'± 10.32 

104.33*^ ±8.55 

146.29**’±24.20 

Free fatty acids (mg %) 







High 

97.28 ±24.43 

96.60 ±15.30 

91.60± 22.48 

144.50 ±32.50 

173.33 ±38.44 

80.00 ±37.83 

92.50 ±62.50 

Medium 

111.05 ±16.76 

97.50 ±13.37 

82.37 ±17.60 

127.33 ±22.56 

125.66 ±55.75 

145.00 ±74.99 

78.00 ±4.47 

Low 

78.21 ±26.62 

14L00± 11.81 

80.00 ±5.00 

I8L25±68.75 

121.87± 15.53 

85.63 ±36.27 

1I3.12±37.I8 

Cholesterol (mg %) 







High 

18.39*" ±1.26 

17.33*"±1.91 

12.25**’±3.29 

18.33*" ±0.73 

19.50*“ ±3.91 

11.83**-±0.44 

16.50*“'’± 1.40 

Medium 

14.00*" ±1.87 

16.17*"±1.17 

12.00*“ ±2.52 

10.63** ±0.90 

14.00*“ ±1.76 

11.25**’±4.75 

1245**’±1.04 

Low 

19.21*“ ±2.12 

14.37** ±1.85 

12.00*‘'±2.52 

12.63** ±1.93 

14.60* b± 2.24 

11.50*''±0.61 

15.50**’±2.29 

VLDL + LDL (moles/I) 







High 

2.36*“ ±0.37 

2.84 ±0.19 

2.95 ±0.29 

2.52 ±0.56 

2.00 ±0.50 

3.24**’±0.17 

3.25** ±0.25 

Medium 

2.57*" ±0.30 

3.35 **±0.15 

2.81 ±0.14 

2.22 ±0.07 

2.88 ±0.31 

1.005*“±0.005 

1.55*'±0.31 

Low 

2.99*“ ±0.30 

2.87*" ±0.25 

1.70**’±0.62 

2.60 ±0.23 

266 ±0.13 

2.65 ±0.06 

2.11*“ ±0.40 


*P<0.01 Duncan’s multiple range test. 

Means with different superscripts differ significantly. 
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response to exogenous insulin there is a fall in the 
blood glucose levels followed by a corresponding 
increase in plasma-free fatty acids. As the response of 
glucose in medium and light weight birds was more 
rapid, this was reflected in rapid elevation of free fatty 
acids in low body weight birds. 

When liver glycogen concentration increases beyond 
5-6% it inhibits further glycogen synthesis, and all the 
additional glucose entering the liver cell becomes 
available for fatty acid synthesis^^ for subsequent 
synthesis of triglyceride. Insulin influences triglyceride 
synthesis and fatty acids are provided by plasma under 
the influence of insulin^. The cholesterol level in all the 
three groups fell significantly (P<0.01) from the basal 
level following insulin injection and reached lowest 
level between 1 and 1.5 h post-injection. Thereafter the 
level again started to increase and higher elevation was 
observed in the high body weight group compared to 
the other two groups. This is similar to the findings of 
Gill et al^ 

The VLDL + LDL levels showed variations contrary 
to those of glucose level (P<0.01, Table 1). An 
elevation in the circulating level of plasma lipoprotein 
was observed in all the three groups, corresponding to 
a decline in the glucose level. As the glucose level 
started rising the VLDL + LDL levels started falling 
except in the birds of heavy body weight. Among the 
three groups of birds, the heavy body weight group 
birds attained higher levels of VLDL + LDL which 
remained elevated for a longer time compared to the 
other two groups. This indicates a significant difference 
in the response of obese individuals towards production 
and transport of triglycerides from the liver under the 
influence of insulin. The longer duration of elevated 
plasma levels of VLDL + LDL in these birds indicates 


greater synthesis and transport of triglycerides from the 
liver. The concentration of VLDL + LDL in circulation 
is one of the major factors determining the rate of fat 
deposition and is well-correlated with total body fat 
content^^’ 

It is evident from these findings that the response to 
exogenous insulin is different in lean and obese 
individuals. Obese individuals are better convertors of 
plasma glucose into triglycerides under the influence of 
insulin and thus they store greater amount of fat in the 
body. 
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Indian Academy of Sciences elects new Fellows 


AGRAWAL, P. C., Space Physics 
Group, Tata Institute of Fundamental 
Research, Bombay. 

Agrawal is an out¬ 
standing observa¬ 
tional astronomer, 
primarily interested 
in the X-ray band. 
His early studies 
led to the discovery 
of flaring effects on 
the source of Cyg 
X-1 and Sco X-1 
sources. He subsequently participated 
in the design of the HEAD-A2 in¬ 
strument. He has extensively studied 
AM-Hercules-type binaries, which are 
powered by accretion channelled on to 
the poles of a magnetic white dwarf 

BABU, C. R., Department of Botany, 
University of Delhi, Delhi. 

His ‘Herbaceous flora of Dehra Dun’ is 
a significant taxonomic work which not 
only provides an inventory of the 
diversity among the herbaceous plants 
but identifies the ecological niches of 
1230 species. He has successfully applied 
the population biology approach to 
floristic studies. He has also made 
original contributions to our under¬ 
standing of the evolution and conser¬ 
vation of wild genetic resources of 
Indian food legumes, notably Phaseolus 
and Vigna. 

BANERJEE, S., Physical Metallurgy 
Division, Bhabha Atomic Research 
Centre, Bombay. 

His contributions 
to the understand¬ 
ing of phase trans¬ 
formations, in par¬ 
ticular to ordering 
reactions in alloys, 
are well known. 


BHANDARI, N., Physical Research 
Laboratory, Ahmedabad. 

Bhandari has used 
an elegant combi¬ 
nation of cosmic 
ray-produced iso¬ 
topes and radiation 
damage tracks in 
unshielded plane¬ 
tary objects like 


meteorites and the Moon to deduce the 
evolutionary history of solar particulate 
emissions, meteorites and lunar surface 
regions. He has used these techniques to 
understand hydrological, glaciological 
and impact-cratering processes. 


BOSE, S. K., Department of Mathe¬ 
matics, Regional Engineering College, 
Durgapur. 

Bose has made 
significant contri¬ 
butions in the 
mathematical ana¬ 
lysis of many 
problems of en¬ 
gineering impor¬ 
tance. This in¬ 
cludes elastic- 
wave propagation in seismic pheno¬ 
mena, discrimination between earth¬ 
quakes and nuclear explosions, as well 
as foundation-engineering problems such 
as soil stiffness in relation to vibrations 
of columns and walls. 


DAS GUPTA, M. K., Institute of Radio 
Physics and Electronics, Calcutta. 

Gupta, along with 
R. C. Jennison, set 
up the first inten¬ 
sity interferometer, 
which involved the 
design, fabrication 
and successful ope¬ 
ration of the first 

long base line post-detector correlation 
radio interferometer and measuring the 
angular structure of radio sources like 
Cygnus A and Cas A. His researches on 
enhancement of atmospheric noise prior 
to nor’westers, effect of solar eclipse on 
microwave line-of-sight propagation, and 
enhancement of the integrated field 
intensity of atmospherics subsequent to 
the explosion of megaton nuclear bombs, 
as well as his other studies in radio 
engineering, are well known. 


DHAR, D., Theoretical Physics Group, 
Tata Institute of Fundamental Research, 
Bombay. 








Dhar has well 
posed and solved a 
set of outstanding 
problems in con¬ 
densed matter phy¬ 
sics characterized 
by an essential 
complexity due to 


the fractal nature of the underlying 
lattice, leading to new universality 
classes of critical behaviour. He isolated 
the spectral dimensionality that counts 
the density of low-lying excitations on a 
fractal and obtained exact results and 
equivalences for the directed percolation 
and the lattice animal enumeration 
problems. He has also solved several 
models of growth and roughening. His 
work reflects a rare convolution of 
power of mathematical analysis with 
that of computer simulation. 


GADAGKAR, R., Centre for Ecological 
Sciences, Indian Institute of Science, 
Bangalore. 

His work has been 
concentrated on in¬ 
sect behaviour, in 
particular on social 
behaviour in the 
wasp Ropalidia. He 
has made his mark 
in the field with 
many striking dis¬ 
coveries. He has shown pre-imaginal 
caste determination in a primitively 
eusocial wasp, opening up a whole new 
field of study. His combination of bio¬ 
chemical techniques to study mating 
patterns and a novel experimental 
design to unravel the mechanism of 
nestmate discrimination has provided 
new insights into the evolution of insect 
sociality. 



GANDHI, K. S., Department of Chemi¬ 
cal Engineering, Indian Institute of 
Science, Bangalore. 



Gandhi has made 
notable contribu¬ 
tions in phase 
transformation, in 
particular to order¬ 
ing reactions in 
alloys. His model 
for epoxies predic- 
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ted anomalous industrial data. He also 
cleared the thickening reaction contro¬ 
versy by demonstrating the formation of 
ionomeric domains. Among his other 
important contributions are the success¬ 
ful simulation of an industrial Nylon 
reactor and the first model for tube 
collapse to yield preforms. 

GANGAL, SUDHA G,, Immunology 
Division, Cancer Research Institute, 
Bombay. 

She has contri¬ 
buted to the field 
of cancer im¬ 
munology, parti¬ 
cularly cellular 
immunology. Her 
group has care¬ 
fully dissected the 
cellular and mole¬ 
cular events involved in T-cell hypo- 
responsiveness in Hodgkin’s disease. 
Her studies on cytotoxic effector mecha¬ 
nisms in oral cancer are acclaimed 

worldwide. Her group has succeeded in 
producing monoclonal antibodies against 
tumour markers and squamous cell 

carcinoma antigens. 

GHOSH, J. K., Indian Statistical Insti¬ 
tute, Calcutta, 

His contributions 
in mathematical 
statistics, and in 
particular, inferen¬ 
ce, are outstanding. 
Connecting invari¬ 
ance and suffici¬ 
ency, he developed 
a powerful method 
for sequential tests 
of composite hypotheses. His proof of 
existence of a minimal sufficient statistic 
in the discrete case is considered a 
fundamental contribution to sample 
survey theory. His more recent work in 
higher order efficiency and Edgeworth 
expansions has settled completely old 
problems in statistics. 

IYENGAR, R, N., Department of Civil 
Engineering, Indian Institute of Science, 
Bangalore, 

Iyengar has made 
important contribu¬ 
tions to nonlinear 
random vibrations, 
stochastic stability 
analyses, structural 
reliability and stati¬ 
stical classification 





of earthquakes. He developed two new 
approaches, known as Gaussian closure 
technique and higher order linearization, 
and has solved the problem of the eigen¬ 
values of a string with stochastic mass 
variation. 


KARTHA, V. B., Spectroscopy Division, 
Bhabha Atomic Research Centre, 
Bombay. 



Kartha has made 
many significant 
contributions to 
high-radiation spec¬ 
troscopy in combi¬ 
nation with super¬ 
sonic nozzle beams 
and laser techniques 


such as saturation and polarization 
spectroscopy, semiconductor diode spec¬ 
troscopy, multiphoton ionization, etc. 
He has applied laser spectroscopy to 
enrichment of isotopes. 


KOCHUPILIAI, N., Department of 
Endocrinology and Metabolism, All 
India Institute of Medical Sciences New 
Delhi. 



His studies relate 
to the causes of pre¬ 
ventable mental re¬ 
tardation in India.. 
He developed stra¬ 
tegies to success¬ 
fully organize a 
neonatal hypothy¬ 


roid screening programme in the most 
socioeconomically backward endemic- 
goitre districts of Uttar Pradesh and 
showed that as much as 13% of new¬ 
borns in these iodine-deficient regions 
stand the risk of developing mental 
retardation due to congenital hypothy¬ 
roidism. These studies have imparted a 
new momentum to iodine prophylactic 
programmes in India. 


MADYASTHA, K. 

Organic Chemistry, 
Science, Bangalore. 



M., Department of 
Indian Institute of 

His area of work is 
bio-organic chemis¬ 
try and his work on 
metabolic pathways 
to terpenoids, mi¬ 
crobial models of 
mammalian meta¬ 
bolism, a new me¬ 


thod for the replacement of tertiary Af- 
methyl by other alkyl groups and 
application of this method to morphine 
alkaloids is well recognized. He success¬ 
fully demonstrated the aromatization of 
a-terpineol by microbes, providing pra¬ 
ctical implications of the use of microbes 
in organic synthesis. 


MITRA, S. K., Indian Statistical Institute, 
New Delhi. 



Mitra has in¬ 
terested himself 
in practically 
all branches of 
statistics and 
has in parti¬ 
cular contri¬ 
buted to esti¬ 
mation theory, 
statistical ana¬ 
lysis of cate¬ 
gorical data, distribution theory, linear 
models and sampling theory through his 
full grasp of methods of matrix theory 
and probability distributions. 


MOOKHERJEE, A., Department of 
Geology and Geophysics, Indian Institute 
of Technology, Kharagpur. 

His contributions 
to ore genesis in¬ 
clude elucidation 
of the physicoche¬ 
mical environment 
of the Zawar mine¬ 
ral deposits, the 
role of metal com¬ 
plexes in mineral precipitation, and post- 
depositional effects such as deformation, 
metamorphism and magmatism on very 
old mineral deposits. 




MUTHUKKARUPPAN, V. R., School 
of Biological Sciences, Madurai Kamaraj 
University, Madurai. 

His early con¬ 
tributions in rep¬ 
tilian immunolo¬ 
gy enhanced our 
understanding of 
the origin and deve¬ 
lopment of the im¬ 
mune system in 
reptiles. His researches in the immuno¬ 
logy of leprosy and typhoid infections, 
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development of monoclonal antibodies 
to Salmonella typhimurium porin, and 
other areas of biology such as angio¬ 
genesis and Eale’s disease have been 
well received. 


KAJAMANI, V., School of Environ¬ 
mental Sciences, Jawaharlal Nehru 
University, New Delhi. 

Rajamani is a bril¬ 
liant young geo¬ 
chemist who has 
used quantitative 
chemical and iso¬ 
tope modelling to 
understand the tec¬ 
tonic and chemical 
evolution of the Kolar Schist Belt. 
Apart from the genesis of gold deposits 
in this belt, he has elucidated the 
parental material formation conditions 
and tectonic setting of the komatiite- 
theoliite volcanic association in this 
belt. 




RAMACHANDRAN, R., Department 
of Physics, Indian Institute of Techno- 
1 logy, Kanpur. 


Ramachandran has 
worked on a wide 
range of problems 
in high-energy phy¬ 
sics. His early work 
on the Veneziano 
model and dual 
amplitudes is widely 


quoted in the literature. So was his 
study on the ^ = Stt decay process, non- 
perturbative theories of monopoles, and 
proton decay through the Rubakor 
effect. He has also been working on 
string theory to study higher-loop 
corrections to scattering amplitudes 
using sophisticated mathematical tech¬ 
niques. 


tions is of value in developing struc¬ 
tural models for an ever-increasing 
number of bioactive cyclic peptides. His 
studies of new algorithms for identifica¬ 
tion of secondary structures in globular 
proteins provided new insights to the 
conformational features of segments of 
polypeptide chains in proteins. 


RAMASAMI, T., Central Leather Re¬ 
search Institute, Madras. 

Ramasami has 
contributed signi¬ 
ficantly to the 
area of reactivity 
and mechanisms 
of co-ordination 
compounds. His 
work on stabi¬ 
lization of low-valent metal oxidation 
states using macrocyclic ligands has 
received high appreciation inter¬ 
nationally. He demonstrated the contri¬ 
butions of electronic matrix elements to 
outer-sphere electron transfer rates using 
experimental probes. 


SARKAR, P. Division of Cell Biology, 
Indian Institute of Chemical Biology, 
Calcutta. 

Sarkar has made 
original contribu¬ 
tions in molecular 
neurobiology and 
has studied in detail 
the effect of thyro¬ 
xin on the func¬ 
tional development 
of brain cells. Making use of an original 
method to fractionate glial and neuronal 
cells, he showed that thyroxin promotes 
brain development by regulating tubulin 
gene expression and that the glial cells 
are the target for thyroxin action. 


culations, using both classical and quan¬ 
tum-mechanical approaches, have led to 
better understanding of the role played 
by translational, vibrational and rota¬ 
tional energy in state-to state photo¬ 
chemistry. 


SHARMA, R. P., Biotechnology Centre, 
Indian Agricultural Research Institute, 
New Delhi. 

His recent research 
displays unusual 
versatility in that 
it combines two 
rather different 
areas, the genetics 
of development in 
the fruit fly Droso¬ 
phila melanogaster 
and the use of mutagenesis as a tool for 
crop improvement. The hallmark of his 
Drosophila work has been his ability to 
isolate and characterize mutant genes. 
The best known of these is the wingless 
gene. He has also succeeded in standar¬ 
dizing a laboratory method for large- 
scale screening of germplasm and segre¬ 
gating populations of chickpea for 
Ascochyta-producQd blight. 


SIKKA, S. K., Neutron Physics 
Group, Bhabha Atomic Research Centre, 
Bombay. 

Sikka has made 
original contribu¬ 
tions in high-pres¬ 
sure physics and 
neutron diffrac¬ 
tion. His work has 
provided new in¬ 
sights into the 
mechanisms of high-pressure phase tran¬ 
sitions in transition metals, rare earths 
and silicon. His theoretical work on 
shock equation of state of solids is 
widely recognized. 






RAMAKRISHNAN, C, Molecular 
Biophysics Unit, Indian Institute of 
Science, Bangalore. 



Ramakrishnan has 
made original con¬ 
tributions to the 
conformational ana¬ 
lysis of polypep¬ 
tides. His theoreti¬ 
cal study of cyclic- 
peptide conforma- 


SATHYAMURTHY, N., Department 
of Chemistry, Indian Institute of Tech¬ 
nology, Kanpur. 

Sathyamurthy has 
made many signi¬ 
ficant contribu¬ 
tions in the theo¬ 
retical study of re¬ 
action dynamics of 
small molecules. 
His trajectory cal- 


SITARAMAM, V., Department of Zoo¬ 
logy, University of Poona, Pune. 

Sitaramam has ob¬ 
served that low 
gravitational fields, 
electrostatic fields, 
respiration and 
ATP hydrolysis 
dramatically en¬ 
hance permeability 






-r 


180 


CURRENT SCIENCE, VOL. 59, NO. 3, 10 FEBRUARY 1990 




ACADEMY NEWS 


of biological membranes, leading to equili¬ 
bration of large polyols, eg. sucrose. 
This is in violation of the Second Law, 
and offers the first-ever evidence for 
density fluctuations in the membrane 
bilayer. The discovery of osmotic com¬ 
pressibility of the activities of membrane 
proteins led to the definition and predic¬ 
tion of the phenotype for osmotolerance 
in microbes and plants. 


VENKATESH, Y. V,, Department of 
Electrical Engineering, Indian Institute 
of Science, Bangalore. 



Venkatesh has 
made sustained 
contributions in the 
area of stability 
theory of systems 
and in the newer 
areas of image pro¬ 
cessing and vision. 


His stability/instability results are the 
most general among those available in 
the literature. He has developed a new 
procedure for matching of images used 
by NASA for tracking ice flows and 
quadtree-based data structures for geo¬ 
metric operations on images. 
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Molecular wires 

In a brief note (page 216) on electron 
transfer through a network of conjugated 
organic molecules, Varsha Deshpande 
and N. Kumar show that a side chain of 
appropriate length can regulate charge 
transmission at the branch node. This 
takes us back to a workshop on mole¬ 
cular electronic devices held in the US a 
few years ago, where scientists dreamed 
of replacing transistors and other solid- 
state electronic devices with molecular 
functional groups—organic or inorganic 
—constructed to exhibit the appropriate 
electrical behaviour when hooked to¬ 
gether in networks. They dreamed further 
of making molecular assemblies with 
specific electronic functions by an 
adaptation of the technique of synthesis 
of polypeptides developed by R. B. 
Merrifield. A suitably prepared clean 
surface is exposed to reagents that add 
only one subunit of a supramolecular 
assembly, A series of reactions with the 
same or different reagents builds up 
‘molecular wires’—conductors or insu¬ 
lating regions, switching and memory 
devices. It was realized that there would 
be problems of overheating of the 
organic molecules when current flowed 
through th^m, and therefore the possibi¬ 
lity of solitonic transmission, which had 
not been completely discovered experi¬ 
mentally, was hinted at. Mathematically, 
solitons are solutions of known linear 
partial-differential wave equations. One 
of the strangest properties that came 
out was that solitons are localized in 
spaces and do not smear out with time, 
i.e. they do not dissipate energy as they 
travel. Certain water waves do exhibit 
the properties of solitons. Solitons are 
hypothesized to occur as fractionally 
electrically charged entities in organic 
linear chain molecules, the so-called 
one-dimensional conductors. A recent 
meeting in Hawaii discussed progress in 
the field. 

B. P. Pal 

M. S. Swaminathan writes (page 237) an 


obituary of B. P. Pal, one of the most 
distinguished agricultural scientists of 
India. Pal was a very remarkable man 
and influenced greatly the growth of 
agriculture and agricultural science in 
India, He was a man with a vision and 
a taste for things scientific and things 
human. He was also full of compassion 
and humour. 


Molecular Meccano 

There is something mysterious and even 
mystical about geometry that attracts 
people as the proverbial flame does a 
moth. Says the scientist, ‘We like to 
look at symmetrical things in nature, 
such as perfectly symmetrical spheres 
like planets and the sun, or symmetrical 
crystals like snowflakes, or flowers 
which are nearly symmetrical’ (Richard 
Feynman) 

‘Why is symmetry so pleasing to the 
eye? What is symmetry? It is an innate 
feeling, I answered myself, but what is it 
based on?’ (Leo Tolistoy) The ancient 
Greek geometricians proved that there 
can only be five regular polyhedra, the 
platonic solids, viz. the tetrahedron, the 
cube, the octahedron, the dodecahedron 
and the icosahedron. According to 
Martin Gardner, ‘inhabitants of the most 
distant galaxy cannot play dice having 
the shape of a regular convex polyhedron 
unknown to us’. So enthralled was the 
great Johann Kepler with these platonic 
solids that he thought he had succeeded 
in explaining the structure of the entire 
solar system using the sphere and the 
five platonic solids. Not that Kepler was 
unconscious that he could be wrong, for 
he says, ‘I was not afraid... whether my 
joy was to vanish with smoke.’ The bug 
of geometry has also bitten organic 
chemists, who have always delighted in 
playing with their geometrical molecular 
pieces to form beautiful Jigsaw puzzles 
never before thought of. 

J. Chandrasekhar writes (page 193) 
about some remarkable feats of organic 
synthesis in the eighties—part of the 


story of organic chemists’ attempts to 
construct molecules that resemble the 
platonic solids—a task that Nature 
herself has not so far dared attempt. 
Their arduous but exciting attempts can 
only be described again in the words of 
Kepler: ‘The great joy I experienced 
cannot be put into words. I did not 
regret any of the time spent and felt no 
fatigue.’ 


Fishing afresh for family trees 

The science of taxonomy has been 
touched by and has received much 
impetus from several major develop¬ 
ments in biochemistry. The best known 
of these are of course protein and 
nucleic-acid sequencing. Before direct 
sequencing of proteins and genes (DNA) 
was employed in species comparisons, 
serological methods of comparing pro¬ 
teins had given rise to much literature 
and debate in molecular systematics. 

In an article on page 209, Maria R. 
Menezes describes the use of another 
well-known biochemical method to derive 
information on relationships among 
species. The so-called zymogram method, 
in which enzymes separated by electro¬ 
phoresis in gels are visualized specifically, 
allows detection of polymorphic enzymes 
and easy comparison of species in terms 
of individual enzymes. From a sufficiently 
large sample, one can then estimate 
gene or allele frequencies for the enzyme 
loci examined and, in turn, calculate 
genetic distance between species. Menezes 
examines 15 loci in three species of fish 
and obtains, as one might expect, a 
smaller value for genetic distance ^tween 
two congeneric species than that between 
genera. 

The zymogram method is of course 
limited to examining proteins for which 
specific in situ staining methods are 
available. Electrophoresis cannot also 
reveal amino-acid changes that do not 
alter electrophoretic mobility of the pro¬ 
tein, and hence estimates of genetic 
distance based on electropho-retic 
methods tend to be underestimates. 
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S. Chandrasekhar 

568 

100/- 

27/- 

Recent Advances in Plasma Physics* 

B. Buti 

178 

50/- 

10/- 

Scattering of Light* 

C. V. Raman 

700 

180/- 

24/- 

The "Aryabhata Project"* 

U. R. Rao and K. Kasturirangan 

234 

40/- 

8/- 

Computer Simulation* 

Alloy Design* 

N. Seshagiri and R. Narasimha 

S. Ranganathan, 

V. S. Arunachalam and 

171 

40/- 

10/- 


R. W. Cahn 

162 

100/- 

25/- 

Rural Technology 

A. K. N. Reddy 

330 

50/- 

20/- 

Surveys in Fluid Mechanics 

R. Narasimha and S. M. Deshpande 

321 

30/- 

30/- 

Nuclear Tracks 

Crystallographic Statistics—Progress 
and Problems 

J. N. Goswami 

S. Ramaseshan, 

M. F. Richardson and 

124 

40/- 

8/- 

Topics in Nonlinear Optics 

A. J. C. Wilson 

313 

50/- 

18/- 

(Collected Works of N. Bloembergen) 
Proceedings of the ICOBAN Conference 

N. Bloembergen 

V. S. Narasimham, P. Roy, 

K. V. L. Sarma and 

291 

50/- 

25/- 

Materials Processing in Space— 

B. V. Sreekantan 

284 

50/- 

20/- 

A Workshop 

S. Ramaseshan and M. K. Tiwari 

321 

50/- 

20/- 

Wood Heat For Cooking 

Prof. K. R. Ramanathan’s Selected 

K. Krishna Prasad and P. Verhaart 

255 

50/- 

20/- 

Papers—2 Volumes 


978 

300/- 

65/- 

Contributions to Crystallography 

Water Resources Systems Planning 

C. N. R. Rao 

Mahesh C. Chaturvedi and 

252 

50/- 

20/- 

Proceedings of the International 

Symposium on Biomolecular 

Structure and Interactions--- 

Peter Rogers 

355 

50/- 

40/- 

2 volumes 


836 

150/- 

50/- 

Extragalactic Energetic Sources 

Supornovae, their Progenitors and 

V. K. Kapahi 

G. Srinivasan and 

180 

75/- 

20/- 

Remnants 

V. Radhakrishnan 

172 

75/- 

20/- 

Photons, Galaxies and Stars 

R- Uanbury Brown 

428 

100/- 

30/- 

Topics in Genetic Analysis 

G. Ponlecorvo 

320 

100/- 

30/- 

Laser Spectroscopy and other topics 

G. W. Series 

632 

120/- 

40/- 

Reactions and Reaction Engineering 

R. A. Mashelkar and R. Kumar 

332 

100/- 

40/- 

Memoirs on Crystal Physics 

Reliability and Fault-Tolerance Issues 

C. V. Raman 

318 

50/- 

20/- 

in Real-Time Systems 

N. Viswanadham 

280 

90/- 

40/- 

Composite Materials and Structures 
Developments in Fluid Mechanics and 

K. A. V. Pandalai 

R. Narasimha and 

166 

70/- 

30/- 

Space Technology 

A. P. J. Abdul Kalam 

462 

100/- 

40/- 

Advanced Ceramics 

Journey into Light** 

Scientific Papers of Prof. C. V. Raman— 

6 volumes** 

Essays on Particles and Fields— 

E. C. Subbarao 

G. Venkataraman 

R. R. Daniel and 

168 

570 

4126 

70/- 

35/- 


Prof. M. G. K. Menon Festschrift** B. V. Sreekantan 324 

From Mantle to Meteorites: A Garland of 


Perspectives-Prof. D. Lai Festschrift** K. Gopalan et al 

Discounts up to 20% are allowed: **Dislributed by “Oxford University Press, YMCA Library Building, lai Singh Road 
New Delhi 110 001“ 
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A tasteless chemical mix 

Chemistry may be alive and well, but not in Current Science. In an exciting subject that has many overlap 
regions with biology, medicine, physics and engineering. Current Science has managed to churn out a large 
number of uninteresting, routine papers. To become a journal of some value. Current Science should stop 
yielding indiscriminately to the demand of scientists to publish, give its reviewing system more sinew, and 
take serious account of topics of current interest. 


By far the biggest problem for editorial committees of 
science journals concerns the quality they wish to uphold 
to reach out to a wi4,e audience of research scientists. 
Current Science has recently had a ‘face lift’, and 
publishes items such as reports on current trends in 
different branches of science, news, provocative opinions 
and debatable policy issues. While it continues to 
publish original research papers, the question remains 
one of standard and credibility. 

Chemistry has many overlap regions with other 
disciplines such as biology, medicine, physics and 
engineering sciences, and is therefore a major area from 
which many publications arise. There has been an 
increasing demand among chemists to publish their 
research findings and many publishers have obligingly 
started new journals in specialist topics. Even well- 
recognized chemical societies have multiplied their 
journals in chemistry to cater to the increasing urge of 
chemists to publish. If Current Science must survive this 
fierce competition, it should look for credibility and 
high standards. It should assure scientists about the 
standards it wants to uphold, even, perhaps, at the cost 
of forgoing a few issues for the lack of good papers. It is a 
hard decision for the editorial committee. It is much easier 
to proclaim that only papers that present results that are 
novel, significant and of broad interest will be published 
but it is difficult to find authors and manuscripts. 

Most of the papers in chemistry that have appeared 
in Current Science can be categorized into the following 
areas: (i) Analytical chemistry. A large number of 
papers have appeared that deal with one or other 
aspect of the following: (a) new organic reagents for* the 
separation and estimation of metal ions, (b) development 
of a rapid and specific method of analysis of a given 
metal ion, and (c) colorimetric and other spectral 
methods of analysis. These papers doubtless carry 
significant results but then is Current Science the 
medium for them? (ii) Coordination chemistry. The 
papers describe the synthesis of coordination compounds 
of metal ions with new ligand systems, with limited 
spectral data. Often, the structures described are ill- 
characterized and incomplete. A few of the papers are 


complete but these should really be published in specific- 
area journals rather than in Current Science, (iii) Organic 
chemistry. A good number of papers deal with the 
synthesis of new organic compounds with therapeutic 
value. The therapeutic value is most often not rigorously 
tested nor is the structural integrity of the compounds 
well established. Clearly, these papers are of no signi¬ 
ficance to the general readership of Current Science. 
(iv) Physical chemistry. Most of the papers that have 
appeared concern themselves with the kinetics of 
oxidation or reduction of organic substrates using 
metal complexes or well-known oxido-reductants. 
Apart from the description of a particular method of 
analysis, the papers are often devoid of any new 
mechanisms or novel interpretations. Occasionally, 
there have been papers on spectroscopy and quantum 
calculations. These papers are again limited in scope 
and do not warrant publication in Current Science. 

Despite the fact that there are a large number of 
chemists in the country who have been publishing good 
papers, the question remains as to why Current Science 
is not considered as a medium for publication by these 
chemists. It is difficult to find an answer but a few 
reasons can be advanced. Over the years, Current 
Science has yielded rather indiscriminately to the 
demand of scientists to publish. It has lost touch with 
the advancing frontiers in science and has remained 
static. The refereeing system has lagged behind, and this 
is clearly reflected in the fall in standard of papers. It is 
possible to list many more but what is the solution? If 
Current Science must be a premier journal, it should 
take serious account of topics of current interest. It 
should attract authors with the promise that it will 
maintain good standards of publication. The policy 
should be to publish a small number of good papers and 
not publish so many not-so-good papers for the sake of 
maintaining volume. Current Science should not be 
allowed to become the hope of the ‘for every paper 
there is a journal’ class. 

—V. Krishnan 
Dept of Inorganic and Physical Chemistry 
Indian Institute of Science, Bangalore 560 012 





We’ll help you get there 

If you’re selling science books/journals or 
laboratory products, or wish to recruit 
scientists in your establishment, then 


you’re sure to benefit by 
advertising here. 


Because Current Science reaches nearly every 
university, scientific institution and industrial 
R&D unit in India. What’s more, it’s read by 
hundreds of individual subscribers—students, 
doctoral scientists and professionals in vir¬ 
tually every field of scientific activity in India. 

Current Science has the largest circulation 
among scientific journals in India. 

And to give you more impact, we’re now 
bigger, and better. 

Write now, or send your copy to 



C. V. Raman Avenue, P. B. No. 8001, 
Bangalore 560080 
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DST questionnaire responses 

In this, the last, instalment of comments from some respondents to the DST questionnaire (Curr. 
ScL, 58 , 948) on policy regarding publication of Indian editions of foreign S&T periodicals, the 
comments are categorized for convenience. As reported earlier (Curr. Set, 59 , 8), the majority of 
respondents favoured publication of Indian editions. From analysis of 350 responses received until 
the publication of this result, 85% wanted Indian editions of magazines like New Scientist and 
Scientific American, 91% multidisciplinary journals like Nature and Science, and 75% various 
specific-area journals. 


Some questionnaire! 

It is difficult to say ‘agreeV‘not agree’ to 
most of the questions of this question¬ 
naire. The queries are not pointed but 
in the nature of elaborately worded 
statements with arguments etc. I suggest 
that, if an opinion poll is required, a 
redrafting of the questionnaire be made. 

Y. V. G. S. Murti, Physics Department, 
Indian Institute of Technology, Madras 
600 036 

What policy? 

I take it that the Indian editions would 
be published without any government 
subsidies. There would be no justification 
for providing subsidies from public 
funds. In this case, it seems to me that 
market factors would decide whether 
such Indian editions would appear at 
all. There does not seem to be much 
here for a major policy decision. If there 
is no visible market, the question of 
sanctioning Indian editions does not 
arise. If there is such a market, why 
prevent those interested from having 
ready access to these publications? 

R. Narasimhan, Tata Institute of Funda¬ 
mental Research, Bombay 400 005 

Indian editions yes—general 
comments 

.,. Publication of foreign journals in the 
country can be supported if that would 
increase the quality of Indian science, 
even if it is reported in foreign journals 
published in India. Ultimately our 
concern should be the quality of science 
in India, not of Indian scientific publica¬ 
tions. Let us assume that by some trick 
we succeeded in getting top world 
scientists to publish in Indian journals. 
This need not make Indian science 
better. Anyway, publishing foreign jour¬ 
nals in India helps to give information 
to more people in India. 

E. D. Jemmis, School of Chemistry, Uni¬ 
versity of Hyderabad, Hyderabad 500134 


I believe that we have built up our own 
scientific and technical journals, like 
Pramana and others, to a world class 
level and a large part of Indian work is 
being published there. There would be 
no advantage therefore to let journals in 
the category described under II-3 [of the 
questionnaire: journals from societies etc.] 
(e.g. Physical Review) be published in 
Indian editions. On the other hand, 
journals in categories under II-2 [semi- 
popular, like New Scientist, Scientific 
American^ and II-3 [multidisciplinary, 
like Nature, Science'] have a wider 
audience and their availability in Indian 
editions would actually help to build up 
a reading public which would appreciate 
our own S&T journals (category 11-3) 
more. 

M. K. Mehta, Vikram A. Sarabhai Com¬ 
munity Science Centre, Ahmedabad 
380 009 

I am assuming that the price level will 
be so kept that: (i) at least a reasonable 
fraction of the teaching/student commu¬ 
nity can be individual subscribers to 
popular science journals, and (ii) most 
of the universities will be able to 
subscribe to technical journals. My 
major reason for supporting this idea is 
a hope that our universities will be able 
to get direct access to research material 
of international standard. 

T Padmanabhan, Astrophysics Group, 
Tata Institute of Fundamental Research, 
Bombay 400 005 


1. Like in Indian industries, most In¬ 
dian scientific/technical journals did 
not improve in quality. No more 
protectionism please. 

2. Most PhD students in India (and 
there are lots of them) are not even 
aware of the latest topical burning 
issues and progress in theory and 
experiment, let alone have a deep 
understanding of them. 

3. Journals like Nature, New Scientist, 
American Journal of Physics, Scientific 


American, Discover, being broad-based, 
meet the above lacuna (provided stu¬ 
dents and teachers alike develop a taste 
for reading). No. 3 cited above provides 
a lot of stimulus to any commit¬ 
ted teacher in high school/college/ 
university. 

P. V. Ramana Murthy, Tata Institute of 
Fundamental Research. Bombay 400 005 


The popular scientific journals in India 
have failed to make their mark. Hence 
Indian editions of Scientific American 
etc. may be encouraged. Journals from 
learned societies of Indian origin are 
having a definite impact. Hence Indian 
editions of foreign journals need not be 
allowed. We can be selective. 

S. Ranganaihan, Department of Met¬ 
allurgy, Indian Institute of Science, 
Bangalore 560 012 


... I do not think that any serious 
researcher is suffering for want of Indian 
editions of technical journals. The situ¬ 
ation is somewhat different for the 
educated layman searching for a 
popular journal. 

A. K. Raychaudhuri, Presidency College, 
Calcutta 700 073 

1 

Popular science journals pertain directly 
to society. Their standards are always 
relative to the society to which they are 
addressed. We should encourage our 
own popular science journals rather 
than proliferate Scientific American in 
India. However, the situation is very 
different in fundamental science and 
basic' technology where standards of 
excellence are universal. Workers in 
smaller Indian institutions are suffering 
in not being able to subscribe to 
important journals. This should be 
alleviated. 

Probir Roy, Physics Department, Univer- 
sity of Texas, USA (on sabbatical leave 
from TIFR, Bombay) 
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The overall idea should be to make 
some journals (that give general comm¬ 
entaries on frontiers in science and 
updates on scientific news) available 
easily to students and scientists. If 
possible, a subsidized Indian edition of 
selected articles from Nature and 
Science (for example) may be published 
at a price affordable by graduate and 
postgraduate students and professionals. 

Rakesh Tuli, Molecular Biology and 
Agriculture Division, Bhabha Atomic 
Research Centre, Bombay 400 085 

Indian editions—specific com¬ 
ments 

Perhaps only one or two of the most 
popular journals in each field should be 
selected, to ensure that the Indian 
publications are not lost in the 
avalanche. 

A minor point, but is it possible to 
ensure that the advertising and classi¬ 
fieds sectioijs of the local versions are 
not too different from the international 
editions? 

Vivek 'Dhawan, Raman Research Insti¬ 
tute, Bangalore 560 080 

The market in India for specialized 
scientific journals is likely to be very 
small and so the publishers may not 
want to bring out Indian editions. 
However, if the publishers decide to use 
the Indian editions for all the subscri¬ 
bers in South-East Asia, eastern Europe 
(and perhaps Australia), then the effort 
of bringing out Indian editions will be 
worthwhile for them and I am sure that 
will result in reduced production costs 
and hence lower price and increased 
sales. 

Gopal Prasad, Tata Institute of Funda¬ 
mental Research, Bombay 400 005 

.,. India should encourage being a host 
for the entire publication work to be 
carried out here (for the entire world) as 
this may be profitable for the publishers 
as well as to us. Publication groups with 
Indian collaborators may like to explore 
this possibility if our government enco¬ 
urages such activity. 

Girjesh Govil, Tata Institute of Funda¬ 
mental Research, Bombay 400 005 

1. Indian editions of British Medical 
Journal (selections^ Journal of the Ame¬ 
rican Medical Association and British 
Journal of Surgery are being brought 
out. 


2. All Indian editions of scientific and 
technical journals should have adver¬ 
tisements originating from India. 

Sat Paul Goyal, Haryana Agricultural 
University, Hisar 125 004 

I believe the following points must be 
considered before any decision is taken 
about bringing out Indian editions of 
foreign S&T periodicals. 

1. The speed with which the Indian edi¬ 
tions can be brought out: If these 
appear much later than the original 
periodicals, then it will be a setback to 
Indian science. In this context the effi¬ 
ciency of Indian publishers vis-a-vis that 
of foreign publishers must be consi¬ 
dered. Many of the research labs which 
are currently getting foreign journals 
within 2-3 weeks after their publication 
may not be able to get the relevant 
scientific material in time if the govern¬ 
ment puts a ban on importing journals 
and if Indian editions appear much 
later. 

2. If a particular publisher gets the 
monopoly of all the periodicals, then the 
entire scientific community will be at 
the mercy of the publisher with regard 
to costs, delays, quality of printing, etc. 

R. V. Hosur, Chemical Physics Group, 
Tata Institute of Fundamental Research, 
Bombay 400 005 


... It is absolutely essential to have very 
strict quality control over the printing. 
No attempt should be made to have 
‘Indian insertions’ in the Indian editions, 
as these would devalue all Indian 
tx^ntributions. 

Ajit Kembhavi, Inter-University Centre 
for Astronomy and Astrophysics, Pune 
411 007 

While it is necessary to have Indian 
editions of important foreign journals 
published synchronously, we may exp¬ 
lore getting print run-offs of the journals 
from the society/publisher/printer as 
that is said to involve [only] cost of 
paper plus small incidental expenses. A 
nominal royalty/fee should make this 
much cheaper for our country. It was 
done at one time for books in Latin 
America. 

M. V. Nayudu, Department of Virology, 
S. V. University, Tirupati 517 502 

I apprehend that foreign publishers, 
while negotiating, will demand that they 
be permitted to repatriate a large part 


of their sale proceeds in foreign ex¬ 
change to their own home organiza¬ 
tions, or will introduce alternative terms 
into the contract guaranteeing such 
earning in their own currencies. This 
would be a crucial factor on the 
financial side of the proposal contained 
in this questionnaire. Since the total sale 
in India will be larger than the amount 
involved now in importing these publi¬ 
cations for a limited clientele, the 
country may eventually end up spend¬ 
ing more foreign exchange, of course in 
return for a wider use of these journals 
by our technical and scientific personnel. 
The gain in academic input may have to 
be balanced, under these circumstances, 
against the higher cost in foreign 
exchange. 

M. K. Pal, Saha Institute of Nuclear 
Physics, Calcutta 700 064 

Many technical (by title) journals are 
geared towards aggressive advertisement 
of machinery and components. Such 
journals could encourage consumption 
of expensive machinery etc. for its own 
sake. 

Thus, we need journals for widening 
our information base concerning techno¬ 
logy and science, but not for widening 
our information base to buy a lot of 
machines. 

S. N. Tandon, Tata Institute of Funda¬ 
mental Research, Bombay 400 005 

I assume your intention is to publish 
within India, verbatim, journals such as 
Nature and other first-rate journals in 
different fields, without eliminating sec¬ 
tions such as ‘News’, ‘News and views’, 
‘Correspondence’ and Product review’, 
as well as the advertisements. I am 
wholly in favour of this. I do not think 
keeping them out has served to improve 
the quality or quantity of output of our 
laboratories. I do not see any way that 
it could be deleterious to the scientific 
publishing community within India. 
Since this step will not in any way affect 
our own journals, as several Indian 
scientists publish most or all of their 
work only in Indian journals (a situation 
which is not going to change unless we 
turn out better work), we should permit 
Indian editions of leading S&T journals 
without hesitation. This will also help to 
cut the rising prohibitive costs of 
[subscription to] most journals and will 
make it possible for more university 
libraries to subscribe to a wider range of 
journals. 

Some suggestions: 

1. In journals like Nature, the Indian 
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edition should be made to carry additional 
‘News’ about scientific efforts in India. 

2. Indian companies manufacturing pro¬ 
ducts used by scientists should not be 
allowed to advertise in these Indian edi¬ 
tions of foreign journals to ensure that 
these advertisements would contribute 
to the revenue of Indian journals. 

3. Popular science journals should not 
be allowed to bring out Indian editions 
in order to allow the indigenous efforts 
to flourish unhindered. 

S. Vijaya, ASTRA Research Centre 
India, Bangalore 560 003 


Instead of Indian editions... 

Indian editions of foreign journals 
would be welcome if they would cost 
only a fraction of their originals. But I 
do not see how they can be cost-effective 
if comparable technical standards have 
to be maintained, particularly when it is 
known that the bulk of the high-quality 
paper consumed is imported. The need 
of the hour is better utilization of the 
available resources in the major libraries 
of the country, either by the formation 
of a centralized journal service agency 
which would maintain an efficient data 
base of all the journals subscribed by 
every major library in the country and 
also would entertain requests for copies 
of specific articles from interested extra- 
local users or provide for membership 
to extra-local users in major libraries, 
without of course harming the interests 
of the local user groups. 

G. Athithan, Advanced Numeric Research 
and Analysis Group, Hyderabad 500 258 

Let us establish a central agency (say 
DST) to arrange to get important over¬ 
seas journals in bulk by diplomatic 
courier service and distribute them to 
Indian organizations by courier service 
to avoid delay. 

r. R. Anantharaman, Thapar Corporate 
Research and Development Centre, Patiala 
197 001 


Scientists in any given institution are 
likely to be interested in only a small 
fraction of the papers published in 
journals like Physical Review, Journal of 
Solid State Chemistry, etc. If each institu¬ 
tion starts collecting all such journals, 
operations like providing storage space, 
maintenance of old copies, etc. will 
eventually become large and unproduc¬ 
tive. I think that in each major city a 
central library should acquire all the 


relevant scientific journals, which 
[should] remain unbound as individual 
issues, and facilities created for provid¬ 
ing xerox copies of papers that indivi¬ 
dual institutions may require. Eventually 
these can be replaced by a central 
data base with terminals in the indivi¬ 
dual institutions. This choice would 
also give an impetus to the emerging 
electronics industry rather than to the 
stagnant printing industry, apart from 
saving precious wood. 

N, V. Madhusudana, Raman Research 
Institute, Bangalore 560 080 


1. I am of the view that five centres— 
East, West, South, North and Central— 
should be established in India, where 
almost all good foreign journals should 
be kept for consultation, instead of 
publishing in India (as Indian editions). 
From these five centres required articles 
should be made available for reference. 
These five centres will act as five zonal 
national libraries for science. 

2. A national policy for promoting 
Indian journals should be made with the 
view to make our research of standard 
quality for national upliftment. 

3. An exchange programme for [Indian] 
journals with foreign journals should be 
made. 

jR. B. Srivastava, Department of Botany. 
M. S. College, Motihari 845 401 


Indian editions not desirable 

1. Publication of foreign journals in 
Indian editions will have adverse effect 
on the sale of Indian journals as many 
libraries now subscribing to these journals 
may switch over to foreign journals. 

2. The quality of reprinted photographs 
etc. is always poor. 

3. Much other information, such as 
classified advertisements and latest in¬ 
formation on modem equipment through 
foreign advertisements, is generally 
missing in Indian editions. 

4. The only consideration for publishing 
Indian editions is the economic conside¬ 
ration, which could be offset by establi¬ 
shing an exchange of journals programme 
between libraries. 

5. Publication of Indian journals should 
be encouraged and steps should be taken 
to create effective control on the standar¬ 
dization of publications. 

K. R. Bhardwaj, Division of Laboratory 
Animals, Central Drug Research Institute, 
Lucknow 226 001 


Most of the universities and institutions 
do get a lot of S&T journals both at 
higher and popular levels. If they cannot 
buy them, funds should be provided for 
doing so. If, on the other hand, the 
question is to take the latest S&T news 
to the common people (English-speaking), 
then public libraries should be provided 
adequate funds to buy such magazines 
as New Scientist and Scientific American. 
In my opinion it would be a drawback 
for Indian journals if we have Indian 
editions of foreign journals. 

B. G. Ananda Rao, Physical Research 
Laboratory, Ahmedabad 380 009 

Indian journals 

It is sad that even established scientists 
do not want to publish in Indian journals. 
This is not only a disincentive to 
younger workers but also definitely 
harmful to Indian journals. DST should 
make it a policy that at least half of the 
research work of Indian scientists is 
published in Indian journals. 

K. D. Abhyankar, Osmania University, 
Hyderabad 500 007 

There is need for ‘birth control’ and 
‘family planning’ for Indian scientific 
journals, as for the general population. 
DST, UGC, CSIR, etc. should not recog¬ 
nize publications in most of the new 
journals. This would help in discouraging 
growth of third-rate journals which 
have been started for the sole purpose 
of meeting the stipulated requirement of 
publications for higher fellowship or 
promotions. 

C. R. Bhatia, Biology Group, Bhabha 
Atomic Research Centre, Bombay 400 085 

Due to the existing policy, many Indian 
journals have appeared on the scene. 
But there is little doubt that papers 
published in Indian journals are consi¬ 
dered to be of lower standard than 
those published in foreign journals. In 
fact, if some interesting results are 
obtained, authors are always encouraged 
to publish them in foreign journals for 
wider circulation.... If any Indian 
journal cannot compete with its foreign 
counterpart, its publication serves no 
purpose. It is better that publication of 
such journals be stopped. 

D. K. Chakrabarty, Physical Research 
Laboratory, Ahmedabad 380 009 

... As a reviewer of papers [for an Indian 
journal I have often] felt unhappy 
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[about] the standards. Even the editors 
are satisfied in many cases over sub¬ 
standard articles for the mere existence 
of the journal. They had to bypass 
my criticism in order "to accept the 
papers.... 

B, S. V, Gopalan, Physics Department, 
Indian Institute of Technology, Madras 
600 036 

... Our own journals can be improved 
by using foreign members in the editorial 
boards, by combining journals (e.g. only 
one journal in chemistry), and by initially 
having a minimum of 25% foreign 
authorship in the articles. 

P. T Manoharan, Regional Sophisticated 
Instrumentation Centre, Indian Institute 
of Technology, Madras 600 036 


To make Indian S&T journals more 
international it might be useful to request 
some well-known researchers in different 
areas of science to contribute review 
articles or original papers to our journals. 
The invitees should be preferably from 
other countries. 

G, Marimuthu, Department of Animal 
Behaviour, Madurai Kamaraj University, 
Madurai 625 021 


1. We can have journals of the style and 
status of Nature and Science only if our 
other journals reach international stan¬ 
dards. 

2. We must have a policy at some level 
which encourages publication of first- 
rate work in Indian journals; otherwise 
all other measures are of no significance. 

Anurag Mehra, Department of Chemical 
Technology, University of Bombay, 
Bombay 400 019 


Scientific publication activity has not 
matured in India partly because of the 
Indian scientists (me included!) who 
preferred to publish abroad. I think we, 
like the Japanese, ought to publish first 
in our own journals and then a polished 
version abroad. Unfortunately we do 
not have the advantage of Japanese, 
namely different language and script for 
science! 

I think in certain selected fields we 
should start having international jour¬ 
nals based in India and having global 
editors. Also in book publishing: TMH, 
Wiley, Prentice-Hall must market their 
books internationally if authored in 
India. Right now it is a pitiful state. 
Personally I would be happy to start an 
international journal in power and 
energy. Unfortunately, in engineering, 
our professional institutions have 
failed. They must reorganize to make 
publishing their prime goal and de¬ 
couple it from holding exams! 

M. A, Pai, Department of Electrical and 
Computer Engineering, University of 
Illinois, Urbana, IL 61801, USA 


Some of the Indian scientific journals 
have already attained international status. 
When evaluating performance [of scien¬ 
tists] papers published in good Indian 
journals should be given due weightage. 

Anil R, Sheth, Institute for Research in 
Reproduction, Bombay 400 012 


1. We have to learn to face the fact that 
all attempts to increase the circulation 
of Indian journals outside India have 
failed. 

2. What matters is the emergence of 
good science from India which is 
internationally recognized. When there 
is sufficient volume of first-rate science 


flowing from India, automatically an 
Indian journal that puts it out will 
succeed. 

B. V, Sreekantan, Tata Institute of 
Fundamental Research, Bombay 400 085 

The decision to get Indian editions of 
foreign journals published should be 
determined by pragmatic considerations 
of costs, availability of scientific 
materials to Indian scientists and circu¬ 
lation of their published work to inter¬ 
national scientific readership. We must 
not ignore our own scientific journals 
but should strive harder to increase 
their international circulation by making 
suitable editorial policy changes. 

R. K. Varma, Physical Research Labo¬ 
ratory, Ahmedabad 380 009 


Annual reviews 

There is a general and urgent need for 
establishing annual reviews in the areas 
of biology, physics, chemistry, mathe¬ 
matics and technology. The review 
series in the identified subjects will have 
to be established either by the Indian 
Academy of Sciences with the assistance 
of DST or by the CSIR. 

T. J. Pandian. School of Biological 
Sciences, Madurai Kamaraj University, 
Madurai 625 021 


Erratum 

The comment of A. R. Prasanna pub¬ 
lished in these columns {Curr. Sci) 59, 
130) contains an error. While Prasanna’s 
comment was T do consider it a good 
idea to try and bring in competion 
the printed version is T do not consider 
... The error is regretted. — Ed, 
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Molecules of the decade 


J. Chandrasekhar 

Synthetic chemists frequently produce 
compounds that are, to borrow Roald 
Hoffmann’s words, beautifully simple 
and simply beautiful. The eighties began 
with a detailed report on the syn¬ 
thesis of a truly spectacular molecule: 
[261(1,2,3,4,5, 6 ) cyclophane, 1 (ref. 1). It 
represents the culmination of a dream 
which began with the synthesis of 
paracyclophane, way back in 1951. 
With two benzene rings tied together in 
every possible chemical way, 1 is 
appropriately called (in keeping with the 
times) superphane. Boekelheide^ suc¬ 
ceeded in constructing this lovely struc¬ 
ture and also in proving it with X-ray 
diffraction in 1981. 



However, with due respect to super¬ 
phane, the molecule organic chemists 
were waiting for more keenly was 
dodecahedrane, C 20 H 20 , 2 . This organic 
molecule, possessing the highest conceiv¬ 
able symmetry (120 symmetry opera¬ 
tions), was expected to be quite stable 
But the molecular strain associated with 
potential precursors (e.g. secododeca- 
hedrane, with one C-C bond less), in 
addition to bad luck and entropy, 
proved to be the stumbling-block for 
even the best synthetic chemists in the 
business. After a long struggle, a di¬ 
methyl derivative was made^, followed 
by the monomethyl compound^, and 



finally the parent molecule itself^. It 
took (only) 23 steps to get to dodeca¬ 
hedrane from the cyclopentadienide ion. 
Paquette had proved yet again the essen¬ 
tial requirements of successful research: 
patience, perseverance, and postdoctoral 
associates. 

As was to be expected, other success¬ 
ful attempts on this Mount Everest of 
alicyclic chemistry followed, with Paqu¬ 
ette himself coming up with a second 
procedure^. 

The quest for dodecahedrane also led 
to other interesting molecules. Pago- 
dane, 3a, is an example. Prinzbach and 
coworkers could make this molecule in 
substantial quantities, enabling Schleyer 
and his coworkers to convert it to 
dodecahedrane by catalytic isomeriza¬ 
tion in 8 % yield^. In my prejudiced 
view, more interesting than pagodane is 
its monocation, with a half life of 2 days 
at German room temperature, and its 
dication, 3b, which is both a diolefin 
dication and a cyck>butane dication"^. 




Having mentioned a dication, I have 
to mention the most remarkable of 
them all, the dehydroadamantyl system, 
4 (ref. 8 ). The ion is unique in sporting a 
4-centre, 2-electron bond in a perfectly 
tetrahedral arrangement. Note that 
there are no hydrogen atoms on any of 
the bridgehead carbons. The four hybrid 
orbitals at these carbons share two 
electrons and also most of the dipositive 



4 


charge in an accommodative spirit 
characteristic of electron-deficient 
systems. Structural proof for the ion 
was provided essentially by ^^C-NMR 
spectroscopic parameters (in addition 
to molecular orbital calculations)®. 

With much less structural evidence, 
another molecule shot into the limelight 
in the mid-eighties. It is the curious case 
of a carbon compound that fascinated 
physical chemists more than it did 
organic chemists. Laser vaporization of 
graphite, followed by a mass-spectral 
analysis, indicated the formation of a 
series of C„ species (n = 60-70). For Cgo 
an icosahedral network structure, 5 , 
truncated at each pentagonal apex 
(nothing but the familiar soccer ball), 
was proposed^. Theoretical chemists 
thoroughly enjoyed playing with this 
molecule. The molecule has been named 
buckminsterfullerene, in honour of the 
creative American architect. Although 
there is as yet no concrete proof, the 
structure is generally considered plau¬ 
sible. A particularly unusual proof was a 
high-resolution electron micrograph of 
carbon, prepared by a sputtering 
method in which carbon was evapo¬ 
rated by arc discharge, which purpor¬ 
ted to show spherical C^o species^®. 



5 


A more conventional synthetic app¬ 
roach was used^^ to generate a smaller 
carbon cluster, C 13 . A systematic proce¬ 
dure for making such presumably mono- 
cyclic annulenes from appropriate pre¬ 
cursors has also been suggested^ 
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The surprise of the decade is the 
seemingly impossible [1.1.1] propellane, 
6. The molecule has two pyramidal tetra- 
coordinate carbon atoms. Students of 
organic chemistry are expected to ins¬ 
tinctively recognize the instability asso¬ 
ciated with such structures. However, 
Wiberg calculated a relatively (com¬ 
pared to other propellanes that had 
been made) small strain energy for this 
molecule. He believed in his computa¬ 
tions sufficiently to make an attempt at 
synthesis of 6. The shockingly simple 
procedure shown below worked^ 



In a further interesting development, 
the propellane 6 was easily converted to 
a series of oligomers in a perfectly 
controlled fashionMany mind-boggl¬ 
ing applications (‘molecular-size civil 
engineering’, ‘nanotechnology’) are 
being visualized^ ^ for this class of 
molecules, called the staffanes (7). 



7 


I shall conclude with a molecule 
made in India: 8, bishomohexaprismane. 



the symmetrical, face-to-face dimer of 
norbornadiene. Mehta was successful 
not only in synthesizing the molecule 
for the first time, but also in contribut¬ 
ing a name with an Indian flavour, 
garudane, to the chemical literature. 
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Does fatty acyl CoA have a role in cellular transport possibly 
through protein modification? 


Amitabha Chaudhuri 

Though most proteins are synthesized 
in the cytoplasmic milieu, internal 
structural signals dictate functional 
sequestration and compartmentalization 
in the ceil. The transport machinery that 
recognizes these signals sorts distinct 
proteins to the cell surface and to the 
organelles present in the eukaryotic cell. 
These signals arise from distinct post- 
translational modifications that occur in 
the cell. Besides targeting proteins to 
respective locations, post-translational 
modifications like phosphorylation and 
dephosphorylation, ADP-ribosylation, 
etc., modulate the function of many 
proteins. Attachment of lipid molecules 
to proteins is one such modification, the 
importance of which has been realized 


lately. Proteins whose functions are 
modulated by attachment of lipid mole¬ 
cules have been defined as amphitropic 
proteins ^ 

The nature of the modification of 
proteins by lipids is, without exception, 
covalent. Three kinds of modifications 
are reported. Myristylation involves the 
attachment of myristic acid to the 
AT-terminal glycine through an amide 
linkage. Palmitic acid is linked through 
thio-ester and oxy-ester linkages and 
lastly complex phospholipid tail may be 
attached to many proteins^. The signal 
for palmitoylation has been apparently 
identified as a consensus Cys-A-A-X 
box present at the carboxy terminus of 
many palmitoylated proteins, in which 


A represents any aliphatic amino acid^. 
The donor of the lipid moiety in 
palmitoylation is the CoA derivative of 
the fatty acid‘s. 

The true functional significance of 
this modification is still debatable, 
barring few exceptions. An obvious 
consequence of acylation of soluble 
proteins is its membrane attachment. 
However, all membrane-bound proteins 
are not always acylated. In a few 
instances, membrane attachment has 
been correlated to distinct functional 
significance as in the ras protein. Ras 
protein is the functional product of ras 
gene, associated with neoplastic deve¬ 
lopment. This protein from various 
sources has been shown to bind guanine 
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nucleotides, have GTPase activity and is 
associated with the plasma membrane^. 
Ras proteins become functional after 
binding to the membrane and paimitoy- 
lation of this protein is a pre-requisite 
for membrane attachment. Lastly, it has 
been shown in many instances that the 
action of phospholipases on complex 
phospholipid tails results in the genera¬ 
tion of active molecules such as diacyl- 
glycerol, inositol phosphate—known 
elements in signal transduction in euka¬ 
ryotes^. The functional significance of 
lipid modification broadens with the 
publication of a paper in Cell by 
Rothman’s groups. Their results indicate 
the requirement of CoA activated 
palmitic acid in the transport of proteins 
across the Golgi compartments. 

Post-translational targeting of proteins 
to plasma membrane, lysosomes and 
secretory granules requires the partici¬ 
pation of two organelles, the endo¬ 
plasmic reticulum (ER) and the Golgi 
apparatus. The movement of proteins 
between the membrane-bound compart¬ 
ments is mediated by budding and 
fusion of transport vesicles. The protein 
destined to be transported to any one of 
the three locations mentioned,* enter the 
ER co-translationally and is vectorially 
transported from the ER to the Golgi, 
across the Golgi, from cis to medial to 
trans-compartments, and on to the 
various locations in an energy-dependent 
manner (Figure 1). The sorting of 
proteins destined to lysosomes and 
secretory storage vesicles occurs in the 
trans Golgi compartment in a signal- 
dependent manner. Transit to the cell 
membrane occurs by default and is 
referred to as the ‘bulk flow’. The bulk 
flow of proteins is mediated by non- 


Plasma membrane 



Figure 1. Vectorial transport of proteins 
into and across the Golgi compartments. The 
transport is mediated by vesicles. Vesicles are 
addressed to specific locations with distinct 
tags. The path is rigorously defined: ER~+cis 
-♦medial-►trans. The sorting of proteins 
takes place at the trans compartment. 


clathrin-coated vesicles but the signal 
mediated diversion from the bulk flow is 
accomplished by clathrin-coated vesicles®. 

The signals, that allows the transport 
machinery to sort and address proteins 
to different locations in the cell, are still 
not known. However, a protein entering 
the ER, is tagged with a complex oligo¬ 
saccharide which is further processed by 
groups of enzymes residing in specific 
compartments. Processing in each com¬ 
partment is the rate-limitihg step in the 
transport. Given this situation, a protein 
will fail to be transported if a key 
processing enzyme is nonfunctional. The 
end result then, is the accumulation of 
the protein in the compartment contain¬ 
ing the defective enzyme. The protein 
can be rescued by supplementing the 
defective enzyme with a functional 
protein during in vivo complementation 
experiments. Such complementation 
studies have been standardized in vitro 
with the G protein of vesicular stoma¬ 
titis virus^" 

In a paper published in Nature, Glick 
and Rothman*^ reported an iV-ethyl- 
maleimide (NEM) sensitive cytosolic 
factor (NSF) that requires fatty acyl 
CoA as a cofactor and is essential for 
intra-Golgi transport The present 
paper*^ in Cell attempts to delineate the 
probable role fatty acyl CoA plays in 
vesicular transport. 

The fact that acyl CoA hydrolysis is 
essential for transport was shown by 
determining the effect of a nonhydro- 
lysable analog of palmitoyl CoA. The 
analog inhibited transport effectively, 
competitively, suggestive of the involve¬ 
ment of acyl transferases in transport. 
The removal of palmitoyl CoA from the 
membrane system with mild deter¬ 
gents effectively inhibited transport indi¬ 
cating that the membrane compartments 
have a pool of activated fatty acids. This 
inhibition is also reversed with the 
external addition of palmitoyl CoA. 
Since it is known that the turnover of 
activated fatty acid is very high in the 
cell, functional requirement of ATP- 
dependent acyl CoA synthetase is a pre¬ 
requisite in maintaining the cellular 
pool of fatty acyl CoA. The use of a 
potent competitive inhibitor triascin, 
inhibited transport as expected. This 
inhibition could not be reversed by 
adding palmitoyl CoA or separately 
adding palmitic acid and CoA-SH 
indicating the specific requirement of 
activated fatty acid like palmitic acid 
with CoA in intracellular transport. To 


answer, at what step fatty acyl-CoA is 
required in the complex transport path¬ 
way, the authors carried out electron 
microscopic studies. These studies indi¬ 
cated that palmitoyl CoA promotes the 
budding of vesicles from the Golgi 
cisternae. Since transport across the 
Golgi compartments is mediated by 
vesicular fusion, activated fatty acids 
may have an important regulatory 
functions in this vesicular trafficking. 
What role does the acyl CoA play? The 
authors seem to favour the modification 
of an essential protein by the acyl 
moiety catalysed by the transferase. The 
modified protein will assume a mem¬ 
brane-bound position and trigger vesicle 
formation. The fusion of the vesicle can 
be achieved by deacylation of the 
protein. The specificity of fusion can 
then be controlled by having specific 
deacylating enzymes in the acceptor 
compartments. How this essential lipo¬ 
protein induces vesicle formation is an 
open question. In this connection, gene¬ 
tic studies may be very useful since 
temperature-sensitive mutant strains of 
yeast blocked at various stages in 
protein transport are available^Lastly, 
can covalent modification of proteins by 
lipids be a general mode of regulation in 
all intracellular vesicularization especially 
during cell division'’*? 
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India’s brain drain to the US 


R. jR. Gulati 


Since the early sixties there has been a continuous 
outflow of scientific and technical personnel from deve¬ 
loping countries to the developed countries of the West 
especially USA. The developing countries have been 
deeply concerned over this reverse flow of technology’ 
to the developed countries. This concern rises from the 
widespread feeling that the outflow while being 
beneficial to the developed countries and emigrants 
concerned, it represents a serious loss, both actual as 
also potential, to the less developed countries. Like 
other developed countries India has been experiencing 
a similar phenomenon which has been a matter of 
concern to the policy-makers, public and those 
concerned with the utilization and training of S&T 
personnel In this context one has to distinguish 
between two types of outflows. A scientist or techno¬ 
logist who goes to the advanced countries for a post¬ 
graduate or a post-doctoral study and returns with 
additional qualifications will be highly valuable to his 
country. However, if he decides not to return to the 
country, his emigration becomes a retrograde step for 
his country’s economic progress. 

On account of complete lack of information on the 
number, academic background and utilization pattern 
of Indian scientists and technologists migrating to other 
countries for higher education, teaching, research, etc. it 
has not been possible to have a broad idea about the 
effect of this outflow on the economy of the country. 
Most of these personnel are however known to be 
concentrated in the US. It was, therefore, decided to 
carry out a study of the Indian scientists and 
technologists studying and working in USA under the 
auspices of the Indo-US Sub-Commission on Science 
and Technology. For this purpose the co-operation of 
the National Science Foundation, USA, was utilized to 
collect data from sources available with them. The 
present report is the outcome of this study and is an 
attempt to contribute a better base for evaluation in the 
limited area of specific focus. While the main emphasis 
of the report is on the Indian scientists and technologists, 
data in respect of other countries have extensively been 
quoted with a view to highlighting India’s position vis-a- 
vis other developing and developed countries. 

There has been a considerable amount of discussion 
regarding the factors that prompt people to migrate. 
There is almost near-unanimous view that labour 
market factors such as salary levels, job opportunities, 

R. R. Gulati was Principal Scientific Officer, Department of Science 
and Technology. He passed away on 19 October 1989. 
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higher living standards and the potential for saving 
accumulation are some of the pull factors which attract 
scientists and technologists to USA. At the same 
time, over the years, the country has moved towards a 
system which tends to deny the rewards of success and 
narrows the gap between the brilliant and the moderate, 
the successful and the unsuccessful ones. To this can be 
added the inadequate nature of research facilities at 
home which restricts the skilled manpower to exploit 
their potential to the fullest possible extent. To escape 
from this some people, endowed with the spirit of 
adventure, try to seek their future elsewhere. 


US immigration laws 

Changes in the US Immigration Laws and Regulations 
have a great bearing on the level and participation of 
foreign citizens in the US labour force. The Immigration 
and Nationality Act of 1952 as amended is the basis of 
the current US immigration policy. Immigration for 
permanent residence in the US is limited to 290,000 in 
any year with a maximum of 20,000 for any country. 
This act also provides for admission outside of these 
limitations. About 80% of the quota is reserved for 
persons related to US citizens or permanent resident 
immigrants. Other would-be-immigrants must compete 
for the remainder of the preference quotas on the basis 
of having occupational skills needed in the US because 
of insufficient supply of domestic workers. The 
Secretary of Labour, USA may have to certify that 
these immigrants will not adversely affect the wages or 
working conditions of similarly employed workers. 

In addition to the permanent resident immigration, 
the Act also permits foreign citizens to be in that 
country to work for temporary periods. There are no 
quota limitations for such temporary visas. These are 
granted for one year extendable to persons in the 
professions with no certification required by the 
Department of Labour. Foreign students upon graduation 
may be granted up to one year of residence for work 
providing practical training. With some exceptions, 
scientists and engineers employed in the US on 
temporary visas are eligible to adjust status to 
permanent resident immigrants. In particular, former 
students after completion of their year of practical 
training may be eligible to adjust status to permanent 
residence or apply for other types of temporary visas 
thereby extending their stay in the US work force. 
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liiiian S&T personnel admitted in USA 

In so far as the number of Indian scientists and techno¬ 
logists who migrate to USA is concerned, the only 
source of data is the record maintained by Immigration 
and Naturalization Services of that country. Table 1 
presents data regarding Indian scientists, engineers and 
physicians admitted to US from India during 1966-86 
with gaps for four intervening years. If one were to 
make an estimate for these gap years, the number of 
Indians admitted as immigrants in the US during 
1985-86 would be roughly of the order of 45,000. 

It may be noted from the table that there are wide 
fluctuations in the number of immigrant scientists, 
engineers and physicians. These, to a large extent, are 
influenced by the US immigration laws and the labour 
market situations in that country. In 1965, the US 
immigration laws were amended to abolish the strict 
quota limitations on the basis of national origin. 
The impact of this law was that the number of Asian 
immigrants increased with a corresponding growth in 
the number of Indian scientists and technologists. The 
peak was reached in 1971. The sharp decline in 1973 
and subsequent movements through 1986 reflected 
changes in the regulations making immigration of 
persons seeking entry as professional and skilled 
workers dependent on labour market conditions. 

Fifty-four per cent of the S&T personnel admitted as 
immigrants from 1966 to 1986 were engineers, 30% 
were physicians and surgeons, 14% were natural 
scientists and the rest 2% were computer specialists. 
The later category of S&T personnel were initially 
clubbed with natural scientists. During 1985 their 
number was almost 40% of the combined total of these 


two categories put together. Table 1 also shows that the 
number of persons admitted as physicians and 
surgeons, experienced a sudden fall in 1978. Their 
number in 1984 and 1985 is also less compared to the 
earlier years. This may perhaps be on account of the 
fact that certain restrictions have been put on the 
migration of Indian medical graduates going abroad for 
higher education and training. Simultaneously, attempts 
are being made to provide better working conditions to 
the medical doctors within the country. 

At this stage it may be pertinent to draw attention to 
the fact that the total cumulative stock of S&T 
personnel in the country in 1985 was 3.3 million and 
the number who left the country for USA during 
1966-85 was only 45,000. If one were to look at 
numbers alone, this 14% figure may not appear to be 
significant. However, taking into account the fact that 
most of these personnel are from the prestigious 
institutions in the country, their outflow may be 
considered as detrimental to the progress of the 
country. 

According to the American laws those granted 
permanent immigrant status are eligible to adopt US 
citizenship after five years of their stay in the US. No 
data are however, available regarding the number of 
personnel who had/would have ultimately embraced 
US citizenship but it would not be incorrect to infer 
that the eligible persons would either have become US 
citizens or are still working in that country. 

Distribution by age, sex and field of specialization 

The distribution of immigrant Indian scientists and 
technologists admitted to USA by age, sex and field of 


Table 1. Immigrant Indian scientists, engineers, physicians admitted to the US 

during 1966-86. 


Year 

Engineers 

Natural 

scientists 

Computer 

specialists 

Physicians and 
surgeons 

Total 

1966 

647 

226 

— 

40 

913 

1967 

1067 

315 

— 

87 

1469 

1968 

944 

241 

— 

96 

1281 

1970 

2361 

439 

— 

242 

3042 

1971 

3236 

741 

— 

821 

4798 

1972 

2515 

702 

— 

1513 

4730 

1973 

641 

225 


1630 

2496 

1974 

669 

227 

48 

1049 

1993 

1975 

980 

264 

86 

1357 

2687 

1976 

900 

274 

82 

1611 

2869 

1977 

790 

328 

65 

1567 

2750 

1978 

1153 

385 

102 

596 

2236 

1982 

1059 

259 

137 

— 

1455 

1983 

1040 

255 

84 

— 

1379 

1984 

779 

142 

37 

461 

1419 

1985 

1310 

236 

145 

486 

2177 

1986 

1003 

274 

— 

— 

1277 

Total 

21,094 

5,533 

786 

11,556 

38,971 
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Table 2. immigrant Indian scientists and engineers to USA by sex and age group for 1986. 



M 

F 

M 

F 

M 

F 

M 

F 

Total 


<30. years 

30-45 years 

45 and over 

I Total 



Scientists 

02 

20 

122 

21 

25 

4 

229 

45 

271 

(21) 

Engineers 

477 

29 

386 

9 

102 


965 

38 

1003 

(79) 

Total 

559 

49 

508 

30 

127 

4 

1194 

83 

1277 

(100) 


specialization during 1986 is given in Table 2. 
(Although this analysis is restricted to one year, it 
would be reasonable to assume that there would be no 
appreciable deviation if the entire data were analysed.) 

About 37% of the scientists who migrated to USA 
were less than 30 years of age. In the case of engineers, 
about 50 % of the immigrants to USA were less than 30 
years. The overall figure being a little less than 50%. 
This shows that the current movement of S&T personnel 
is highly selective and concentrated on young engineers 
and technologists who are less than 30 years of age. 
This is a reflection of the rapid advancement in 
technology which makes a technologist with recent 
training more valuable. They are at the height of the 
mental career at the start of their most productive 
years. To this extent their departure from S&T scene of 
the country is highly undesirable in an economic sense 
and it retards the proper industrial development of the 
country. 

Most of the Indian scientists and technologists settled 
in the US initially migrated as students. A study 
conducted by the National Science Foundation reveals 
that about 80% of the increase in the foreign origin 
scientists and engineers between 1972 and 1982 
consisted of persons who were science and engineering 
students in USA. It would, therefore be desirable to 
study this aspect in a greater detail. 

US policy in accepting students 

The US Federal Policy on accepting foreign students in 
general hinges on three pieces of legislation, viz. (i) the 
US Information and Exchange Act of 1948—the 
purpose of which was to increase mutual understanding 
between the people of the US and those of other 
countries, (ii) the Mutual Education and Cultural Act 
of 1961—which provided for the Fullbright Scholarship 
Programme, and (iii) the Foreign Assistance Act of 
1961—which established training programmes under 
the aegis of the Agency for International Development. 
Before focusing our attention on Indian students, it 
would be worthwhile to have some idea about the 
foreign students enrolment in US and its increase over 
the period of time. 
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Foreign students in USA 

Although the number of foreign students increased 
ten-fold over the period 1955-85, their proportion 
depended on the level of total US enrolment. 

Figure 1 shows that the number of foreign students 
has increased from 30,000 in 1955 to more than 300,000 
in 1985 but foreign enrolment as a per cent of total 
enrolment changed from 1.4% in 1955 to 1.6% in 1975. 
Thereafter there has been a sharp increase inasmuch 
as foreign enrolment constituted 2.7% of total enrolment 
in 1985. 

Foreign students by region of origin 

There has been a sustained increase in the number of 
students from South- and East-Asia over the past 30 
years (Figure 2). During this period more than one- 
third of all foreign students were from Asian countries. 
By 1985 students from these countries comprised over 
40% of the total number of foreign students. Nearly 
one half of the foreign students enrolled in American 
Universities and Colleges in 1984 came from 10 
countries. 

Growth in number of Indian students in the 
US—195S-85 

India is one of the ten leading countries of origin of 
foreign students enrolment in US institutions of higher 

Thousands 



Foreign enrolment as a per cent of total enrolment 

(%) 1.4 1.4 1.5 1.7 16 2:5 2.7 


Figure 1. Total foreign student, enrolment in US institutions of 
higher education: 1955-86. 
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Figure 2. Foreign students enrolment in the US by region of origin. 

education in 1955, 1980 and 1985. Table 3 shows that 
the number of Indian students in US institutions has 
increased nine times from 1955 to 1985. 

Fields of study of Indian students in 1984 

During 1984 there were 6205 Indian graduate students 
studying for their master’s and doctorate degrees. Table 4 
gives percentage distribution of their fields of study. 

More than three-fourths of them were enrolled for 
S&T courses. About 40% were enrolled for engineering 
and technology. 

Doctoral education in USA 

US citizens, both native as also naturalized, have shown 
an increasing tendency to enter the labour market in 
that country before achieving a doctorate degree 
especially in engineering, because of higher starting 


salaries being offered to students with bachelor’s and 
master’s degrees. This enables many ambitious non¬ 
resident foreigners staying in USA to accept less 
lucrative jobs that allow them additional research, 
training as well as an opportunity to remain in that 
country for an extended period. Studies made by NSF 
show that non-US citizens having permanent visas that 
enable them to remain indefinitely in USA, if they so 
choose, enter the work force in US early in their 
academic career like other US citizens. As such most of 
the foreigners who go in for doctorate and higher 
education in USA are students with temporary visas. 

For the reasons cited in the preceding paragraph, 
engineering colleges in USA are unable to attract 
adequate number of US citizens to their master’s and 
doctoral programmes so they have to look increasingly 
to foreign-born nationals. These nationals are not only 
working as substitute for US students but generally as 
satisfactory substitutes. Since 1981 more than half of 
the engineering doctorates awarded in US have been to 
foreign citizens. They also earned nearly 20% of the 
science doctorates. 

In some science fields especially mathematics and 
computer sciences nearly l/3rd of the awards have been 
to foreigners. 

The growing trends in foreign involvement in US 
science and engineering have raised many questions 
among public and private sector science and technology 
policy officials over the possible future impacts on US 
higher education and industry. Attempts are being 
made to maximize the participation of US citizens—men, 
women and minorities. Demographic projections attempt¬ 
ed by the Bureau of Labour Statistics, USA, suggest a 
potential decline in the flow of US citizens into the 
scientists and engineers labour force. The effect of this 
would also be felt in higher education as also in 
employing organizations like government agencies 
carrying out R&D activities. 


Table 3. Ten leading countries of origin In foreign student enrolment in US institutions of higher education: 1955, 1980 and 1985. 


1955 

Foreign 

enrolment 

Percentage 

distribution 

1980 

Foreign 

enrolment 

Percentage 

distribution 

1985 

Foreign 

enrolment 

Percentage 

distribution 

Leading 10 coun¬ 
tries by rank 

17.550 

51.3 

Leading 10 coun¬ 
tries, by rank 

157,130 

54.9 

Leading 10 coun¬ 
tries, by rank 

159,310 

46.6 

1. Canada 

4.660 

13.6 

1. Iran 

51,310 

17.9 

1. Taiwan 

22,590 

14.2 

2. Taiwan 

2.550 

7.4 

2. Taiwan 

17.560 

6.1 

2. Malaysia 

21,720 

13.6 

3. India 

1.670 

4.9 

3. Nigeria 

16,360 

5.7 

3. Nigeria 

18.370 

11.5 

4. Japan 

1,570 

4.6 

4. Canada 

15,130 

5.3 

4. Iran 

16,640 

10.4 

5. Philippines 

1,480 

4.3 

5. Japan 

12,260 

4.3 

5. Rep. of Korea 

16,430 

10.3 

6. Colombia 

1,300 

3.8 

6. Hong Kong 

9,900 

3.5 

6. Canada 

15,370 

9.6 

7. Mexico 

1,250 

3.7 

7. Venezuela 

9,860 

3.4 

7. India 

14,610 

9.2 

8. Rep. of Korea 

1,200 

3.5 

8. Saudi Arabia 

9,540 

3.3 

8. Japan 

13,160 

8.3 

9. Iran 

1,000 

2.9 

9. India 

8.760 

3.1 

9. Venezuela 

.10,290 

6.4 

10. Venezuela 

830 

2.6 

10. Thailand 

6,500 

2.3 

10. Hong Kong 

10,130 

6.4 

Other countries 

16,680 

43.7 

All other countries 

129,120 

45.1 

All other countries 

182,803 

53.4 

Total 

34,230 

100.0 

Total 

286,300 

100.0 

Total 

342,113 

100.0 
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Conclusions 


About 10,000-15,000 Indian students seek admission in 
US universities every year while the number of those 
who are admitted in institutions of higher education in 
India is 3.3 million. Despite the fact that the proportion 
of students proceeding to USA vis-a-vis those within the 
country is comparatively small, yet it includes the top 
25-30% of the product of Indian Institutes of 
Technology who have been provided specialized 
training at a great cost to the exchequer. After 
acquiring higher degree, they prefer to work and stay 
abroad. This leads to the non-availability of highly 
skilled Indians for the jobs within the country. While it 
is not the only factor but probably one of the factors 
why, in large areas of economic activities, relatively 
obsolete cost ineffective technology exists, technological 
innovation remains unimpressive and adoption of 
scientific and technological knowledge is depressingly 
low even after 40 years of independence. While our own 
progress and technology remain stagnant, advanced 
countries of the West continue to utilize our talent 
both to their economic as also scientific advantage. 

If the average expenditure on the education of an 
engineer in India is estimated at Rs 1.50 lakhs, the total 
loss to India over the last 20 years in respect of 21,000 
Indian engineers settled in USA (Table 1) would 
roughly be of the order of 0.2 billion US dollars 


1.5x21x103x10^ 

1.3x101 


=240 millions = 0.25 billion 


)• 


Per year loss would be roughly 11 million US dollars 


/lOOOx 1.5x10^ \ 

I- - =11 million). The benefits that 

1,3x10^ J 


accrue to US would be of the order of 10-12 billion 
US dollars because of the high cost of education in 
that country. However, the real loss of human capital 
to India cannot be quantified so simply. It would be 
pertinent to refer to an UNCTAD study which had 
revealed that in 1970 US aid to less developed countries 
amounted to 3.1 billion US dollars. As against this the 
income of USA through the brain drain from less 
developed countries amounted to US $ 3.7 billion. 

There is undoubtedly a need to expose our talented 
boys from IITs and other institutions to the advanced 
facilities in higher education and training available in 
US and other Western countries. The government 
might consider deputing a reasonable number of such 
students every year on scholarship basis for periods 
ranging from one to two years to these countries. 
Before they go they may be assured jobs in National 
Laboratories at wages commensurate with their education 
and training. In this connection it would be pertinent to 
refer to the new scheme for better opportunities for 
young scientists in chosen areas of Science and 


Technology (BOYSCAST) approved by the Government. 
The objectives of the scheme arer 

Provide opportunities to young scientists for 
visiting international institutions to enable them 
to participate in and contribute to the latest 
developments in specially chosen frontline areas of 
science and technology through personal interaction 
with scientists and technologists abroad. 

Use the experience and talent of these young sci¬ 
entists and technologists to initiate and strengthen 
national programmes in these identified chosen 
areas (thrust areas) of science and technology. 

Use these talented young people to further 
generate and spread expertise at the national 
S4feT institutions working in these chosen areas of 
Science and Technology. 

The Indian and US governments have also recently 
introduced a Gandhi-Raegan fellowship scheme which 
will also help Indian scientists to gain research 
experience through their placement in major US 
institutions in selected areas. 

No doubt the Government of India is quite alive to 
the situation and a number of measures have been 
taken to improve the working conditions of scientists 
and technologists but much more ought to be done to 
stem the tide of outflow of bright scientists and 
technologists from the country and to induce them in 
pursuing their interest within the country. 


1. Foreign Citizens in US Science and Engineering: History Status 
and Outlook; NSF. 

2. Foreign Participation in US Science and Engineering, Higher 
Education and Labour Markets; NSF, USA. 

3. Scientists and Engineers from Abroad, 1976 to 1978; NSF, USA. 

4. Immigrant Scientists and Engineers in United States; A Study of 
Characteristics and Attitudes: NSF, USA. 

5. Movement of Younger Scientists into and out of the United 
States from 1967 to 1980: Some of the Aspects of the Inter¬ 
national Movements on Scientific Knowledge; Charles Y. Kidds. 

6. Foreign National Scientists and Engineers in the U.S. Labour 
Force 1972-82: Michael G. Finn Oak, Ridge Associated 
Universities, USA. 

7. Research and Development Statistics, 1984-85, Department of 
Science and Technology. 

8. Brain Drain of IIT Engineers, N. M. Swani, IIT, Delhi. 

9. The Brain Drain—The report of the Working Group on Migration, 
UK. 

10. The Asian Engineering Brain Drain, John R. Niland. 

ACKNOWLEDGEMENTS. I am deeply indebted to Dr P. J, 
Lavakare, Adviser, DST, who was the guiding spirit for the present 
initiative. My thanks are due to Dr William Stewart, Director, 
Science Resources Studies, National Science Foundation, USA, who 
very kindly agreed to make available the facilities available to them. 
Thanks are also due to Dr Joseph Clark, Deputy Director, NTIS, 
USA who agreed to finance expenses towards may stay in USA. My 
special thanks are due to Ms Jennifer Bond, Director, International 
Studies, NSF who coordinated my programme of visit to NSF and 
took pains to make my stay a fruitful one. 


202 


CURRENT SCIENCE, VOL. 59, NO. 4, 25 FEBRUARY 1990 


GENERAL ARTICLES 


Dietary and nutritional guidelines for food and 
agricultural planning 

S. Varadarajan 


India has made remarkable progress in agriculture and 
food production in the last twenty-five years in moving 
towards a high degree of self-reliance in food in broad 
terms. Planning for food production must be related to 
plans to achieve balanced nutrition overall. It is 
therefore appropriate to examine nutritional require¬ 
ments in some detail, review the extent to which these 
are being met, and to develop plans and strategies for 
rapid improvement in the nutritional status of our 
people. 

It is hoped to virtually abolish poverty by the year 
2000 and achieve to a high degree the Alma Ata 
declaration of Health for All by that year. India’s 
agricultural output in 1988-89 represents a remarkable 
new peak, and has given greater confidence in aiming 
for a target of 240 million tonnes of cereals and pulses 
in ten years. The success in management of distribution 
of food supplies in the previous three years of drought 
is yet another base for reliable food availability at 
consumption points and augurs well for a policy for 
better nutrition. 

Nutrition is the major component of human health 
and it is from a satisfactory nutritional status that 
many desirable objectives in quality of life can be 
achieved. Universal immunization and eradication of 
many communicable diseases should be accompanied 
by improved nutrition. The provision of safe potable 
drinking water has been stated to be an objective from 
the Second Plan. The mounting of a Technology 
Mission for provision of safe drinking water is a 
recognition of the importance of the problem and will 
enhance the value of nutritional interventions. The high 
rate, of over 100 per thousand, of infant mortality 
should be reduced to a level of 20 to 25 quickly. This 
will not only reduce sorrow, suffering and wastage of 
human resource but will also help to attain a sharp 
lowering of the rate of population growth from the 
present 2.1 per cent. Universal primary education and 
literacy among the young again depend on the 
attainment of good child health and nutrition. The 
Technology Mission on oilseeds and oils aims at self- 
reliance and reduction in imports but should contribute 
to improved nutrition, particularly of the poor sections. 
The Mission on telecommunications recognizes the 
significance of rural automatic exchanges; a good rural 
communication network and access to information will 
hopefully enhance the timely availability of essential 


nutrient and provide better returns for agriculture, 
primary food processing, preservation and marketing. 
The ratio of women to men in India is 929 to 1000. 
This results from higher infant mortality in females and, 
more particularly, from high mortality among young 
adult women, whose nutritional status steadily declines 
with birth of children and the stress of providing breast 
milk, and as a result of low food intake after meeting 
the needs of the growing family and the labour of 
gathering fuelwood and water. The stress results in high 
mortality of mothers at the birth of the second or a 
later child or from communicable diseases to which 
resistance is low because of poor nutrition. Several 
million children are thus brought up Without the 
advantage of having the mother. The lower life 
expectancy for females in India, compared to that for 
males, merits serious study as this situation is contr^^ry 
to that in developed countries. 

The reports of the National Nutrition Monitoring 
Bureau (NNMB) of the Indian Council of Medical 
Research (ICMR), managed by the National Institute of 
Nutrition in Hyderabad, are now making available 
more detailed information on nutritional status and 
food intake. The studies on which the first reports are 
based provide data that show an improvement in 
calorie intake during the last ten years, but were limited 
to a few select areas in a small number of states. Calorie 
intake data are major basic parameters for determina¬ 
tion of the extent of poverty and of nutritional status. It 
is of vital importance to national planning to 
substantially enlarge the investment and scope of 
NNMB by extending it to all states and to increase 
sampling and the amount of detail in the collection of 
information. The Recommended Dietary Allowances in 
India, last published in 1978, were revised recently by a 
committee constituted by ICMR. The new standards 
should form the guidelines for nutrition and dietary 
intake, and should help to plan agriculture and food 
production. There is recognition of new issues and 
opportunities in agricultural planning: evolution of 
strategies based on agroclimatic conditions; higher 
priority for minor irrigation, drainage and water 
management; increased role in quality seed production 
for both public and private sectors; special attention to 
dryland farming and drought-resistant crops; greater 
emphasis on oilseeds and pulses; and the need for better 
food storage and modern processing for efficiency and 
quality. 
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In the context of such favourable trends and 
improved information systems, the new knowledge on 
nutrition can be pointedly focused on planning for 
availability of nutrients at affordable costs. The 
projections for different categories of foods can now be 
outlined and a plan suggested. Cereal production, 
particularly of wheat and rice paddy, has dominated 
agricultural planning to the neglect, to an extent, of 
other food components. Costs of production have been 
sought to be minimized by special reduced rates for 
water for irrigation and electrical power and diesel for 
pumping of water, subsidies for fertilizers, as well as 
slow increases in procurement prices. Availability of 
certified quality seeds, integrated inputs and crop 
insurance have been some constraints. Prices of cereals 
have been maintained well but not of other items such 
as vegetable oils, pulses, sugar, vegetables, fruit, meat 
and fish. The price of milk has been sought to be 
controlled. Imports have been utilized for essential food 
products such as cereals, cooking oil and sugar. The 
objective should be to increase productivity per unit 
land area sharply to ensure adequate returns as well as 
lower prices. There are attempts to reduce subsidies to 
agriculture in western Europe and North America and 
to lower total production of cereals and dairy products. 
The Worldwatch Institute has estimated that world 
cereal food stocks are only for six weeks, an all time 
low. Indian cereal requirements are larger in comparison 
to tradeable surpluses. This is particularly so in the case 
of rice. World prices are bound to rise in the context of 
lower subsidies and production. It is therefore para¬ 
mount that India achieves full food self-sufficiency and 
carries adequate stocks at all times since imports may 
not be feasible, even at high prices. Individual food item 
targets could be now examined for fullest self-sufficiency. 

For this purpose the draft recommended that Dietary 
Allowances formulated in 1989 could form the basis. 
The average adult weight of man and woman has been 
increased by five kilos resulting in 60 and 55 kgs. 
respectively. The daily calorie intake allowance for an 
adult man with medium energy expenditure is estimated 
as 2400. Visible fat intake has been somewhat lowered 
and is recommended at 15 g daily. 

The demand for major items of food is determined 
not only by actual need for consumption but also by 
prices, subsidies, purchasing power, generally unre¬ 
stricted availability throughout the year at all locations 
and consumer preferences. Increasing nutritional quality, 
and absence of adverse components play a part in 
consumer preferences. Demand should be estimated in 
developing countries such as India on the basis of 
affordable prices. 

Cereals and pulses 

The demand for food in 2000 AD is estimated at 240 
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million tonnes by the Planning Commission. This is 
based on current consumptions and projected population 
growth. The Science Advisory Council to the Prime 
Minister estimates demand to be 300 million tonnes. If the 
population crosses one billion and poverty is to be 
virtually abolished, calorie sufficiency and elimination 
of hunger will have to be achieved, and agricultural 
production and food availability should be substantial. 
If two fifths of present population should receive 15% 
more food as calories then the current real demand 
would be higher by at least 6%. Some other sectors 
above poverty would also have an increased intake. 
The total real demand, with adequate purchasing power 
would be 200“210 million tonnes by 1990. The total 
demand may be 260 million tonnes in 2000 AD. Some 
allowance may be for storage, processing and distribu¬ 
tion losses and for diversion to animal feed. Urbaniza¬ 
tion increases demand for milk, eggs and meat. The 
total could be 270 and 280 million tonnes assuming a 
population growth rate of 1.8 to 1.9%. The aim should 
be to produce 280 million tonnes in good monsoon 
years by 2000 AD and build up stocks of 30-35 million 
tonnes to meet shortfalls in drought years. 

The major cereal demand is for rice. World tradeable 
surplus in rice is low, of the order of 6 to 10 million 
tonnes. Indian shortages cannot be met by imports in 
the case of rice. It is therefore essential to plan for 
substantial productivity increase in rice. At the same 
time, steps should be taken to popularize wheat as well 
as less popular cereals. There are high demands and 
shortages in USSR and Africa and Indian requirements 
for any imports have to compete with these countries. 
India has clearly the potential to produce 270 to 280 
million tonnes in good monsoon year if the trend of 
improved productivity is extended to Eastern UP, 
Bihar, Madhya Pradesh and Orissa. These estimates 
also take into account some losses in increased 
urbanization and distribution. The real costs of 
production, eliminating subsidies in all countries, are 
still competitive in India. Surpluses of cereals can be 
exported if any such occur. Planning Commission 
ideally would wish to have a growth of 4% per annum 
in agriculture in the next ten years to markedly increase 
rural earnings and thereby contribute to national 
economic growth of 6 to 7% per year. Such an 
pbjective would also require a target of 270-280 million 
tonnes of food grains by 2000 AD. 

A comparison with developed countries would 
further substantiate such targets. USSR with a 
population of about 240 million produces 220 million 
tonnes of food grains and requires 20 million tonnes to 
be imported. USA with a population of 230 million 
produces 250 million tonnes and has a surplus of 20-30 
million tonnes to export. Indian population by 
2000 AD will be four times larger than these countries 
at present and it is not unreasonable to aim at 270-280 
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million tonnes. The higher requirement is due to 
diversion of food grains to meat, dairy and egg 
production where 3 parts of cereal are required for one 
part of these items of food. 

Indian strategies should include promotion and 
popularization of cereals other than rice and wheat and 
agricultural research to evolve high-yielding varieties. 

Oils and fats 

India was an exporter of oil and oilseeds until 1961. It 
is now the major importer of edible oils. 

It is clearly estimated that the requirements of 2400 
calories per day cannot be met by cereals and pulses 
alone as it would need 800 g of dry cereals or about 3 
to 4 kg of cooked wet product to be consumed. This is 
impossible. Whereas dry cereals contribute 3 calories 
per g or 0.7 to 0.8 calories in cooked food per gram, oils 
and fats provide 9 calories per gram. While requirements 
of essential fatty acids are met from small percentages 
present in cereals, a minimum of 15 g of visible fat are 
required per adult from edible oils and dairy products. 
Cereals are sold at about Rs 3 per kg. Purely in 
nutritional terms, fats should be available at Rs 9 per 
kg. Indian free market prices of fats and oils are Rs 30 
to 50 per kg, outside the public distribution system 
(PDS). The lowest price for edible oil in the world 
market is about Rs 4 to 5. In free markets, oils are 
available at 3 to 4 times the price of dry cereal and this 
is a true representation of the calorific value of these 
materials. In India, in free market conditions, oils are 
available at 10 times the value of cereals per kg. This is 
a totally unacceptable situation. Oils should be sold at 
the most at 4 to 5 times of the price of cereals in free 
market or in PDS. 

Malaysia produces now 6.2 million tonnes per 
annum of palm oil from l.l million ha averaging 5 
tonnes per ha per annum. It plans to produce 10.2 
million tonne by 1992. Indonesia, Nigeria, Congo and 
other equatorial countries are also increasing production 
of palm oil. Current Indian policies on pricing are 
based on low productivity of only 1.5 to 2.0 tonnes per 
ha of oilseeds or 0.6 to 0.8 tonnes of oil per ha from 
groundnut. India is the largest producer of groundnut 
and the lowest per-hectare producer in the world. 
Production of oilseeds bearing 40 to 45% of oils such 
as groundnut or mustard should be increased to 2.5 to 
3.5 tonnes per ha in irrigated conditions to compete 
with cereals which yield 4 to 6 tonnes per ha. 
Yugoslavia has demonstrated production of 5.5 tonnes 
per ha of groundnut seeds. In India mustard has 
reached 3.5 tonnes per ha in good practice. 

While India produces only 4.5 to 5.5 million tonnes 
of oil, Malaysia alone produces 6.2 million tonnes. 
There are those who argue that India should not aim at 
self-sufficiency in oils and fats but should import these 
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at favourable prices. On nutritional grounds of 
providing minimum nutrition to the poor, this has 
merit unless Indian agriculture can develop systems to 
produce in farmers fields edible oilseeds of at least 2.5 
to 3.5 tonnes per ha. 

The real demand for oils at a price of Rs 12 to 15 in 
free market conditions would be 7 to 8 million tonnes 
per annum. This alone would provide minimum 
calories requirements to the poor. The country should 
concentrate on research towards increased productivity 
per ha and compete with cereals in economic returns. 
Agricultural research and technology transfer should 
concentrate on groundnut, mustard and sunflower with 
the objective of obtaining high reliable yields of 3 
tonnes of oilseeds per ha. Given priority attention, our 
excellent agricultural scientists will no doubt achieve 
the target. They have already demonstrated yield of 3.5 
tonnes per ha of winter mustard. 

Palm cultivation is also now proposed. Yields of 
palm oil in Malaysia are of the order of 5 tonnes per 
ha. The best yields in India of oils in groundnut or 
mustard are only 1.3 tonnes per ha. Palm oil is 
obtained from the fruit pulp and it has to be crushed 
very quickly after harvest. Otherwise the fat is 
converted to fatty acid by enzyme action. It is necessary 
to have palm trees in continuous large area to allow 
collection and processing without delay. Malaysia has 
1.1 million ha of palm. The oil produced costs Rs 4 to 
5 per kg. Malaysia is experimenting with production of 
methylesters of palm fatty acids for use in automobiles 
and engines in replacement of diesel. Indian efforts at 
palm cultivation in Kerala are still in early stages. It is 
proposed to undertake trials in Coastal Karnataka in 
about 1000 ha. These are too small to make any impact 
on edible oil availability. 

It is clear that edible oil demand is high and is 
rapidly rising. Indian dietary habits and cooking 
depend on frying. There is little use for baking in our 
cooking. Deep fried products are standard items in 
catering for all sections of the Society as high 
temperature and partial dehydration to low moisture 
levels ensure hygiene and absence of bacterial conta¬ 
mination. The process also releases flavours, and retains 
them in solution in oil. Urbanization and improved 
living standards lead to higher demand for vegetable 
oil. 

A minimum of visible oil and fat is required in diet to 
meet energy needs, especially of those who carry out 
physically-demanding tasks. These energy needs cannot 
be met by cereals alone as the quantity of cooked 
cereals would be too large to be consumed in two or 
even three meals. Growing children and pregnant and 
lactating mothers require high amounts of energy and 
these too can be met only by additional fat in diet. 

The quality of fat, and in particular the fatty acid 
composition is extremely important in nutrition. A 
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minimum of polyunsaturated fats and a good ratio of 
unsaturated to saturated fats are essential. Indian 
vegetable oils such as groundnut, mustard, sesame, 
sunflower, safflower and rice bran are entirely satisfac¬ 
tory for nutrition. Soybean and niger seed oil also meet 
these standards. Palmolein is also adequate for 
nutrition. 

The vanaspati industry has grown to be a major one 
supplying one million tonnes or 20 to 25% of total 
visible fat. The standards for vanaspati were prescribed 
with the object of replacement of ghee on the one hand 
and prevention of adulteration of ghee by cheaper 
vanaspati. These objectives are no longer valid as 
vanaspati is an established distinctive product and 
marketed by brand names. Ghee is also marketed in 
branded packs and adulteration is not an issue. It 
appears that any hydrogenation of edible oils should be 
such as to produce a solid product with melting point 
of 33 to 40°C. Such excessive hydrogenation converts 
the desirable poly and mono unsaturated fat into 
saturated fat which is not nutritionally attractive. 
Hydrogenation to a small degree in case of soybean can 
reduce linolenic acid which produces off flavour in 
frying. It is necessary to revise regulations on 
hydrogenation. There should be much flexibility in 
degree of hydrogenation with a limit on maximum 
melting point. Other processes such as inter-esterifica¬ 
tion should also be permitted. Indian regulations are 
antiquated and do not recognize advances in knowledge 
in nutrition and processing. 

Milk fat is an important element in dietary. It is 
largely invisible as ghee and butter are not significant 
quantitively. However milk fat is more saturated and 
has a low ratio of unsaturated to saturated fat 
compared to liquid vegetable oils. Buffalo milk has 
twice the fat content as cow’s milk. Milk fat is very 
expensive and is an item of luxury. Indian regulations, 
on dairy products such as ice cream and sweets, 
stipulate that they should not contain non-milk 
ingredients such as vegetable oil or vanaspati. However 
other products such as chocolate, cakes or biscuits use 
non-dairy fat. These regulations are arbitrary and need 
revision to reflect consumer interest in lower prices and 
scientific knowledge in nutrition. 

In summary, it is necessary to redefine total natural 
needs of oils and fats. Demands should be based on 
making available oils and fats at four to five times the 
price of cereals in due course. High procurement prices 
for oilseeds are necessary to provide incentive to 
farmers but these should be accompanied by efforts at 
irrigated rather than rain-fed cultivation, high yields 
and improved processing. Imports have to supplement 
local production for several years. Government gains, 
by imports at low prices and sale at higher prices, are 
considerable amounting to about Rs 1000/- crores for a 
million tonnes of imported oil. At least a good 
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proportion should be made available for research and 
development to improve oil production and extraction 
and attain efficiency and lower costs for the consumer. 
Foreign exchange for imports of vegetable oil produces 
the highest revenue to Government compared to all 
other imports and yet very little is made available to 
innovative efforts for reducing such imports. 

Margarine for table and bakery use, with colour and 
flavour is internationally accepted. Mixture of butter 
and margarine is also promoted in the interests of 
nutrition and the consumer as whole butter does not 
have adequate unsaturated and polyunsaturated fat. 
Indian regulations still preclude use of colour and 
flavour and there is no scientific basis for continuance 
of these. The consumer’s interests are also not 
protected. These need review urgently. 

Present policies lead to excessively high consumption 
of fats by richer sections and very low availability for 
the poor and needy. Even the sale in PDS cannot 
remedy this as long as free market prices are high. The 
rich and middle class should be educated and sensitised 
to reduce high fat intake as it is harmful. Government 
and public institutions may set an example by reducing 
sale of fried snacks in canteens. Special incentives 
should be given to baking and steaming. 

Protein 

The importance of protein in diet especially for infants, 
children and pregnant and lactating mothers, is well 
recognized. Fortunately Indian cereals and pulses, 
consumed at adequate levels to meet calorie and energy 
needs, provide satisfactory levels of protein for adults. 
Supplementation by milk, egg, meat, fish or oilseeds is 
desirable for children and lactating and pregnant 
mothers. In the absence of adequate fats and cereals 
intake to meet energy needs, proteins are utilized away 
leading to symptoms of protein malnutrition. The 
optimal and inexpensive way to curb protein malnutri¬ 
tion is to increase energy intake through cereals. 

Pulses production has been somewhat neglected in 
the country and this has led to high prices. Agricultural 
research has to concentrate on increased yields of all 
varieties of pulses. Attention has to be given to dry land 
farming and mixed cropping. 

Indian oilseeds are abundant sources of protein. 
However they are valued only for their oil content. In 
an oilseed containing nearly equal amounts of oil and 
protein, oil provides ten to fifteen times revenue 
compared to protein. In USA, soybean is cultivated 
mainly for its protein used in animal feeds and oil is a 
by-product. Indian processing of oilseeds, provides an 
oil cake which is not useful for human consumption. 
Indian groundnut cake is contaminated with aflatoxin 
and is no longer accepted in developed countries as 
animal feed. Cotton seed cake has high gossypol, that is 
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considered toxic which may restrict male fertility. 
Mustard cake contains sulphur compounds which are 
toxic. Oilseed harvesting, drying, storage and processing 
should be rapidly modernized to obtain high quality oil 
and cake which can be used for human consumption 
and in animal feeds. 

Milk mi dairy products 

Milk has a special place in Indian dietary. It has been 
given a place of pride and large quantities are 
consumed by the affluent in many forms as liquid, 
additive to tea and coffee, as dahi, buttermilk and as 
sweets. Milk is important for infants, children and in 
pregnancy and lactation especially for Vegetarians. It is 
not, essential for adults. Milk is not an important 
element of food in Japan, South East Asia, Africa or 
South America. Milk is a highly expensive source of 
calories, fat and protein in comparison with cereals, 
vegetable oils, pulses, egg, fish or meat. Yet milk is a 
very convenient and attractive food item compared to 
others listed. The demand is growing inspite of its high 
cost in family budgets. 

Cattle in India are important as sources of draught 
power in ploughing and transport in rural areas and as 
provider of milk. The meat is not accepted. As 
mechanization in agriculture and transports increases, 
the male animal is no longer valued. Male buffalo 
calves in some states are culled as there is no demand 
for them. This situation will undoubtedly increase with 
time. It may be necessary to adopt early sex determina¬ 
tion in pregnancy and abort the unwanted embryo. It 
may also be possible to fractionate sperm and use 
artificial insemination for obtaining very high propor¬ 
tion of female offspring. 

Dairying and cattle rearing were based largely on 
open field grazing. As pasture lands get converted to 
farming for food, dairy cattle have to be stall fed, with 
compounded feeds increasing costs. Milk prices are 
bound to rise sharply in such conditions. As developed 
countries lower subsidies and reduce dairy output, 
cheap imports costs India from surpluses abroad may 
not be possible. It is urgently necessary to make an 
estimate of future dairy product prices. Milk should be 
made available to those who need it most. The poor get 
very little now in rural or urban areas. Dairying is a 
major source of employment and income and should be 
promoted but the products should reach children, 
pregnant and lactating mothers preferentially. Child 
and mother care systems should ensure such directed 
consumption. 

Fish 

Fish are important sources of protein, fat and minerals. 
Whereas agriculture and food production from land 
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thrive through supply of water, energy, fertilizers and 
agrochemicals, there is very low level of support for 
fisheries. Fish do not need inputs of energy, fertilizers or 
chemicals. While there are excellent schemes for 
procurement of cereals, oilseeds and milk by Govern¬ 
ment, fishermen do not get guaranteed offtake and 
prices. The potential for freshwater and marine fish 
catch and production is very high and yet it is much 
neglected. Fisheries should be compared with food in 
government organization and management. Fish arc 
the most abundant and potentially cheaper sources of 
food. Fish production, and distribution should be 
supported substantially in the same way as agriculture 
or dairying. Fishing can provide high employment and 
excellent nutrition. 

Egg and poultry 

Poultry farming is now a major industry and much 
valued. It is highly efficient and modern due to the 
entry of large private sector companies in supply of 
high breed chicks, poultry feeds and vaccines to farmers 
including many educated sophisticated ones. This area 
will clearly grow and contribute to natural nutrition 
and therefore should receive support. Many by-products 
of agriculture, animal husbandry, sericulture and 
forestry are used in feed formulations making it a 
highly competitive modern industry. Poultry do 
consume cereals somewhat in competition with human 
needs but this is not a serious drawback. 

Meat 

Meat is a valued item of food. Unlike in other 
countries, beef and pork are not accepted widely in 
India. Hence meat consumption is based on goats, 
sheep and chicken. Meat remains an expensive item, 
catering to the better-placed sections. It is not essential 
for nutrition if protein is available from cereals, milk, 
egg and fish. There are dangers of overgrazing by sheep 
and goats and ecological damage. These aspects need 
much greater in-depth study. 

Planning for nutrition 

The present processes of planning of agriculture and 
food do not have adequate inputs from needs of 
nutrition. Nutrition and food intake are intimately 
connected with costs, prices and incomes. Lack of 
nutrition leads to poor health and even mortality. This 
is a collossal waste. Whereas health and medicare are 
natural priorities with large government investments, 
nutrition is not receiving priority attention to the same 
extent. Investments in nutrition studies, surveys, 
education, research and application of knowledge 
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would lead to very large natural savings apart from 
reduction of suffering and distress. 

Nutrition and food planning should receive much 
greater emphasis. It is necessary to formulate and 
publish a National Nutritional Policy approved by the 
cabinet. The policy and measures for implementation 
should be subjects of debate and services attention by 
Parliament and State Assemblies. There should be a 
major section in the Five Year Plan document devoted 
to nutrition. The systems for monitoring nutrition 
should be substantially increased and intensified. There 
should be annual reports on the state of nutrition in 
India, containing details at district and state levels. 
Information on infant and female mortality, women- 
men ratios at different age groups, incidence of nutri¬ 
tional disorders and insufficiencies, special problems, of 
the young and the aged should be available from such 
reports along with analysis of availability of various 
components of food and their prices. Agricultural 
planning and food production should be derived from 
nutritional requirements. Most countries in South East 
Asia as well as China and Japan have made great 
strides in the last four decades in improving nutritional 
status. 

It may be desirable to highlight importance of nutrition 


through constitution of a cabinet committee on food 
and nutrition. It would be desirable to form a National 
Commission on Nutrition to analyse various aspects of 
policy and report to government making recommend¬ 
ations for action. 

India has excellent scientists and institutions concerned 
with research and education in nutrition. They have 
made outstanding contributions that are internationally 
recognized. The National Institute of Nutrition, the 
Departments like Food and Nutrition Board in the 
Department of Food and Colleges devoted to Nutrition 
and Home Science, the Nutrition Society of India, the 
Nutrition Foundation of India as well as many devoted 
personnel in child and mother care programmes are 
rendering extraordinarily valuable services. All those 
have to be co-ordinated through a strong representative 
government body with representation at high level 
from agriculture, food, fisheries, health, finance, planning 
and industry and presided over by a member of the 
Council of Ministers. Corresponding organizations 
have to be developed in the states. These will ensure 
quick improvements in nutritional status in true 
abolition of poverty and in attainment of health for all 
most economically and permanently. 
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Biochemical genetic divergence in three 
carangids from the Andaman Sea 


Maria R. Menezes 

National Institute of Oceanography, Dona Paula, Goa 403 004, India 


Genetic divergence and phylogenetic relationships among 
Decapt^us russelH, Sehraides leptolepis and Selar 
crumenophthaimm were investigated by examining the 
electrophoretic patterns of seven enzymes, sarcoplasmic 
proteins and haemoglobins. The allele frequencies of 15 
loci were estimated to calculate the genetic distances (D). 
The three carangid species were clearly divided into two 
groups at a D value of 1.72. 


The technique of starch gel electrophoresis of enzymes 
with specific staining for the activity in the gel, the so- 
called zymogram method developed by Hunter and 
MarkertS is useful in many research applications. 
Screening studies and comparing a relatively large 
number of enzymes among a variety of tissues and 
organisms, are finding increasing use in research on 
population genetics, taxonomy, etc.^ Such molecular 
variation is known to be genetically controlled and 
codominant^ and on the whole only slightly affected by 
environmental disturbances'^. 

Cumulative comparisons among loci between taxono¬ 
mic groups can be summarized by a variety of methods 
into indices of similarity or conversely, genetic 
distance^. Genetic distance (D) is a measure of the 
number of allelic substitutions per locus that have 
occurred during separate evolution of two populations 
or species (which is detected roughly as differences in 
electrophoretic mobility of the corresponding enzymes). 
The basis of the measure is a so-called ‘normalized 
identity’^ which expresses the probability that a 


randomly chosen allele from each of two different 
populations will be identical relative to the probability 
that two randomly chosen alleles from the same 
population will be identical. 

This paper describes an electrophoretic investigation 
into species relationships and levels of genetic distance 
in three members of the carangid family. The carangid 
fishes are widely distributed in the temperate and 
tropical seas around the world and occur along the east 
and west coasts of India supporting fisheries almost 
round the year'^. 

Methods 

Three carangid species— Decapterus russelli (Ruppell), 
Selaroides leptolepis (Cuv) and Selar crumenopthalmus 
(Bloch)—were collected from Aberdeen jetty, Port Blair, 
Andaman, during the 41st cruise of ORV Sagar Kanya 
in April/May 1988. The specimens were kept frozen 
until tested. 

The skeletal muscles, heart and eyes were dissected 
from individual specimens. The cell—lysate obtained by 
freezing and thawing was subjected to electrophoresis 
for phenotypic analysis. Starch gel electrophoresis was 
carried out by the procedure reported earlier^*^. Two 
buffer systems were used: Tris-citric acid (T-C) pH 8.0 
and citric acid-aminopropylmorpholine (C-APM) 
pH 6.0 (ref 9). 

The list of enzymes, tissue-specificity and loci are 
given in Table 1. When multiple loci was coded for an 


Table 1. List of enzymes examined, loci identified and tissue assayed. 


Enzyme 

Locus 

Buffer 

Tissue assayed 

a-Glycerophosphate dehydrogenase (a-Gpd) 

a-Gpd 

C APM 

Skeletal muscle 

Lactate dehydrogenase (LDH) 

Ldh-1 

C APM 

Eye 


Ldh-2 

C-APM 

Heart 


Ldh-3 

C-APM 

Skeletal muscle 

Malate dehydrogenase (MDH) 

Mdh-1 

C-APM 

Skeletal muscle 


Mdh-2 

C-APM 

Heart, skeletal muscle 

Fumarate hydratase (FM) 

Fm 

T-C 

Skeletal muscle 

Isocitrate dehydrogenase (IDH) 

Idh 

T-C 

Skeletal muscle, heart 

Malic enzyme (ME) 

Me-1 

T-C 

Skeletal muscle 


Me-2 

T-C 

Heart, skeletal muscle 

Creatine kinase (CK) 

Ck 

C-APM 

Skeletal muscle 

Sarcoplasmic protein (SP) 

Sp-l 

C-APM 

Skeletal muscle 


Sp-2 

C-APM 

Skeletal muscle 

Haemoglobin (Hem) 

Hem-1 

T-C 

Heart 


Hem-2 

T-C 

Heart 
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enzyme, the locus with the most anodal migration was 
designated one, the next as two, and so on. Allele 
frequencies at each locus (i.e. the banding position of 
isozymes on the same gel) in the three species were 
calculated by a simple gene counting method assuming 
that a protein with the same mobility was controlled by 
the same allele even in different species, and that 
variations within species were controlled by two or 
more codominant allelesFrom the gene frequency 
data thus obtained, the genetic similarity (/) and 
genetic distance (D) along with standard error (SE) 
were calculated between every pair of the species 
compared. The Nei measures^ ^ (D = — log^ I, and 
SE= [(1 —were used where ns is the 
number of proteins examined. Nei defined the genetic 
similarity (/) or the normalized identity of genes 
between the yth and fcth taxa, iy* as; 

j_ — ‘ _ 

i i 

where the frequencies of the ith allele at a 

locus in the jth and feth taxa, respectively, and the 
averages are over all the gene loci examined. Nei^^ 
proposed a formula for estimating the phylogenetic 
divergence time (r years) from D i.e.: r = 5 x 10^ D. The 
above estimations of D and t are based on the 
assumption that the amino-acid substitution rate is 
constant among different proteins. The dendrogram 
was drawn by the unweighted pair-group method 
(UPGMA)^^ 


Results 



Ldh-2 

Ldh-3 


Mdh-1 


Mdh-2 


a-Gpd 


Ck 


Sp-1 


Sp-2 


1 23456789 10 

Figure 1. A comparison of isozymes of the carangid species. Nos. 1> 
3, 4, 6, 7, 9 and 10— D. russelli] nos. 2 and 8— S. leptolepis; No. 5— S. 
crumenophthalmus. 


Figure I shows a comparison of the electrophorograms 
of isozymes among D. russelli (nos. 1, 3, 4, 6, 7, 9 and 
10); S. leptolepis (nos. 2 and 8) and S. crumenopthalmus 
(no, 5). The patterns clearly showed similarities and diffe¬ 
rences among the genera in the positions of the homo¬ 
polymeric band for each isozyme locus. The electropho¬ 
retic pattern of seven enzymes, sarcoplasmic proteins and 
haemoglobins enabled identification of 15 separate loci 
(Table 1). These stable and clear isozymes, in all the 
three species, were used as genetic markers. The system 
of nomenclature to designate the electrophoretically- 
detected loci and alleles was adopted from Allendorf 
and Utter^. Table 2 shows the alleles and allele 
frequencies at each of the 15 loci for the three carangid 
species. Allelic variants were designated according to 
their relative electrophoretic mobility. The most 
common allele was designated 100 and the others were 
given numbers that indicate their mobility relative to 
that of the common allele. Cathodal systems were 
similarly designated but given a negative sign. Almost 


all the loci were monomorphic and fixed in an allele. 
When the allele frequencies were compared between 
every two species, a large number of divergent loci were 
found in more distantly related species pairs. 

To estimate the degree of genetic divergence among 
the three species, the value of D along with SE was 
calculated^ ^ between every pair of species using the 
allele frequencies shown in Table 2. The D value 
became zero when the allele frequencies of the two 
species compared were completely identical, and infinite 
when the allele frequencies of the two species compared 
were completely divergent, (i.e. they do not share any 
common allele^^). Matrices of Nei’s genetic distance 
between pairs of the three species given in Table 3 show 
that the amount of genetic divergence between S. 
leptolepis and 5. crumenopthalmus is about 27% 
[ = 0.470/(1/2) (2.066 + 1373)] of that between these two 
species and D. russelli using the genetic distance values. 
These distances can be converted into the divergence 
time (Table 3). Nei’s genetic distance measurements 
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Table 2. Allele frequencies at 15 loci in three carangid species. 


Locus 

Allele 


Species 


Dr(22) 

Sl(6) 

Sc(2) 

a-Gpd 

185 

0.0 

1.0 

0.0 


154 

0.0 

0.0 

1.0 


100 

1.0 

0.0 

0.0 

Ldh-1 

124 

1.0 

0.0 

0.0 


100 

0.0 

1.0 

1.0 

Ldh-2 

100 

1.0 

1.0 

1.0 

Ldh-3 

-60 

1.0 

0.0 

0.0 


-100 

0.0 

1.0 

l.O 

Mdh-1 

160 

0.0 

1.0 

0.0 


100 

1.0 

0.0 

1.0 

Mdh-2 

-100 

1.0 

1.0 

1.0 

Ck 

150 

1.0 

0.0 

0.0 


125 

0.0 

1.0 

0.0 


100 

0.0 

0.0 

1.0 

Fm 

120 

0.0 

1.0 

0.0 


180 

0.0 

0.0 

1.0 


100 

1.0 

0.0 

0.0 

Idh 

135 

0.0 

1.0 

0.0 


100 

1.0 

0.0 

1.0 

Me-1 

100 

1.0 

0.0 

0.0 


90 

0.0 

1.0 

1.0 

Me-2 

100 

1.0 

0.0 

0.0 


77 

0.0 

1.0 

1.0 

Sp-1 

-40 

0.318 

0.0 

0.0 

-80 

0.682 

0.0 

0.0 


-100 

0.0 

1.0 

1.0 

Sp-2 

-100 

0.0 

1.0 

1.0 

1 

o 

1.0 

0.0 

0.0 

Hem-1 

141 

1,0 

0.0 

0.0 


100 

0.0 

1.0 

1.0 

Hem-2 

100 

0.0 

1.0 

1.0 


-15 

1.0 

0.0 

0.0 


Figures in parentheses show numbers of individuals examined. Dr, 
Decapterus russelli; SI, Selaroides leptolepis; Se, Selar crumeno- 
phthalmus. 


Table 3. Estimates of genetic distance (D) along with standard 
error between three carangid species. Values above the diagonal are 
estimates of D, those below are estimates of divergence time (in 
million years). 


Species 

1 

2 

3 

Selaroides leptolepis 

— 

0.470 ±0.258 

2.066 ±0-874 

Selar crumenophthalmus 

2.35 ±1.29 

— 

1.373 ±0.573 

Decapterus russelli 

10.33 ±4.37 

6.87 ±2.86 

— 


have the advantage that they vary linearly with the 
phylogenetic divergence time^^. 

To estimate the relationships among the three genera, 
a dendrogram was drawn based on the genetic 
distances (Figure 2). From this dendrogram, the three 
species were clearly divisible into two major groups at a 
distance of 1.72. One of the groups had S. leptolepis and 
S. crumenopthalmus while the other group consisted of 
D, russelli. 

Biochemical diversity measured as genetic distance 
was reported among species in many organisms 
Nei^^ estimated that for local races of a species, D 


S. - 

$. crurmmpthaimus - -- 

D. russ0lii -—---- 

I-1-1—^—!-1-j-s -1-r- 1 

0 0.4 0.0 !.2 1.6 2.0 

G@n®tic distanc® 

Figure 2. Dendrogram showing the relationship among the 3 
carangid species based on values of genetic distance. 

ranges from nearly 0 to 0.05; for subspecies D==0.02 to 
0.2. For full species, i) = 0.10 to 2.0; sibling species, 
which are morphologically nearly identical, generally 
have D values two to three times smaller than the Ds 
between morphologically distinct species. D is usually 
greater than 1.0 for genera. In Carangidae, collected 
from Okinawa and Kochi, Japan, Kijima et a/.^^ using 
6 enzymes and 9 loci coding for them, indicated the 
average genetic distance as 2.20 between D. russelli and 
S. leptolepis; 1.64 between D. russelli and S. crumenoph- 
thalmus and 0.79 between S. leptolepis and S. crumenoph- 
thalmus. In sparid fish, the average genetic distance was 
reported as 0.002 between conspecific subpopulations, 
0.115 between congeneric species, 0,842 between 
consubfamilial genera and 1.273 between subfamilies^^. 
In Sciaenidae^, the average genetic distance varied 
between 0.0017 and 0.039 for conspecific subpopula¬ 
tions, 0.092 between two species of Nibea and 1.212 
between consubfamilial genera. Relationships between 
standard genetic distances observed for various tax¬ 
onomic categories arc about as expected. Higher 
categories are on the average more different than lower 
ones. The present estimates of genetic distance are more 
Or less similar to that of Kijima et al}^ and show that 
the structural gene difference between Selaroides leptolepis 
and Selar crumenophthalmus is quite small. In estimat¬ 
ing genetic distance a large number of loci rather than a 
large number of individuals per locus should be used 
when the total number of genes to be examined is 
fixed^®. Ideally, more than 50 loci should be used to 
obtain reliable estimate^®. In practice, technical dif¬ 
ficulties often limit the number of loci studied. In fact, 
less than 30 loci have been studied in most protein 
surveys. A large number of individuals must be 
examined if one wants to study the allele frequency 
distribution for each locus. 

The rapidly expanding application of multilocus 
electrophoretic techniques to the analysis of systematic 
and evolutionary problems is transforming the taxono¬ 
mic work. Building up of a systematic arrangement 
more consistent with the genetic relationships of 
organisms is expected as a major result of this new 
approach 
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Effect of Japanese encephalitis virus-induced 
suppressor cells on Fc-receptor function of 
mouse macrophages 

Shashi Rawat, Asha Mathur, R. Kulshreshtha and U. C. Chaturvedi 

Postgraduate Department of Microbiology, K. G. Medical College, Lucknow 226 (X)3, India 


During Japanese encephalitis virus (JEY) infection Fc- 
receptor-mediated attachment of opsonized sheep erythro* 
cytes (EA) by macrophages was significantly depressed. i 
The capacity of macrophages to attach EA reached the 
lowest point on day 18 following intraperitoneal inocu> 
lation of JEV and then recovered gradually, but 
remained less than the controls. We have observed earlier 
that T lymphocytes of JEV infected mouse spleen 
produce a suppressor factor on the 18th day p.L The 
present study shows that JEV-induced suppressor cells 
have a variable effect on the activity of macrophages. 
The second generation of the suppressor T cells (TS 2 ) 
significantly depressed the Fc-receptor-mediated attach¬ 
ment of EA. Further simultaneous administration of JEV 
and suppressor factor (SF) resulted in early depression in 
macrophage Fc-receptor-mediated attachment of EA 
compared to JEV alone. Thus SF appears to protect the 
cells by inhibiting the entry of virus into macrophages. 


Macrophages play an important role in the immune 
response to an antigen. The various functions of 
macrophages are regulated by extracellular signals that 
operate via different types of receptors present on the 
surface of macrophages. Mouse macrophages have four 
types of receptors for the Fc portion of immunoglobulin 
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and are controlled by two genesThe extracellular 
signals can increase the Fc-receptor-mediated activity, 
as has been demonstrated with lymphokines^ and 
gamma interferon"^, or decrease them as has been 
observed with prostaglandins and macroglobulin pro¬ 
tease complexes^. 

We have earlier reported that JEV induces genera¬ 
tion of suppressor cells for the humoral and cell- 
mediated immune responses during the 3rd week of 
infection which mediate suppression through suppressor 
factor^’ The live macrophages are obligatory for the 
transmission of the suppressor signal®. In the present 
study we have studied the Fc-receptor-mediated 
function of macrophages in JEV-infected mice and the 
effect of suppressor cells/suppressor factor on them. The 
findings show that during JEV infection the Fc- 
receptor-mediated functions are depressed due to the 
generation of suppressor pathway. 


Methods 

Preparation of suppressor cells (Tsi population). Two- 
to-three months old inbred Swiss albino mice from the 
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colony maintained in the department were inoculated 
with 10^ LD 50 of JEV intraperitoneally. The virus, 
strain 78668A, was propagated in adult mouse brain 
and used in the form of a 10% suspension (w/v). The 
inoculated mice were sacrificed on day 18 (time of 
appearance of suppressor activity*^) and their spleens 
were collected aseptically. Single cell suspension was 
prepared in MEM solution and used as the first 
generation suppressor T cells^. 

Preparation of suppressor factor. The suppressor factor 
(SF) was prepared as described previously Briefly, the 
spleens collected on day 18 as described above were 
homogenized in phosphate-buffered saline (PBS). The 
homogenate was centrifuged at 100,000^ for 90 min in 
the cold, the supernatant was stored in aliquots at 
- 70°C and used as SF. Normal mouse spleen 
homogenate similarly prepared was used in controls. 

Preparation of second generation suppressor cells 
s (Ts 2 )- Normal mouse spleen cells incubated with SF 

for 1 h at 37°C were washed thrice and cultured. After 
24 h the cells were harvested and used as second 
generation suppressor T cells (TS 2 )®. 

Peritoneal macrophage culture. The peritoneal cavity 
of the mouse was lavaged with 4 ml heparinized MEM 
containing antibiotics and fetal calf serum. The 
peritoneal fluid was collected, cells were washed and 
5x10^ cells were layered on 20 x 20 mm coverslips 
placed in petri dishes. After incubation at 37°C for 2 h 
in an atmosphere of 5% CO 2 the coverslips were 
washed thoroughly with MEM to remove non-adherent 
cells. The glass adherent cells were considered macro¬ 
phages on the basis of morphology and latex particle 
phagocytosis, 

^ Sheep red blood cells rosettes. Opsonized sheep 

erythrocytes (EA) were prepared by the technique of 
Stuart et al.^^ Briefly, sheep erythrocytes (SRBC) were 
washed thrice with saline and treated with heat- 
inactivated rabbit anti-sheep erythrocytes (haemolysin) 
at 37°C for 30 min and then washed in PBS. One per 
cent suspension of coated red cells was prepared in PBS 
and used fresh. SRBC-treated similarly without coating 
with haemolysin were used as controls for background 
attachment of unopsonized RBC. The macrophage 
(M<^) culture sheet was incubated with freshly opsonized 
SRBC (100 EA/M(t>) at 37°C for 1 h. The cell sheet was 
^ washed thoroughly and examined for the attachment of 

opsonized SRBC (EA). The number of EA attached per 
macrophage was counted in 100 or more cells on 
duplicate coverslips from each mouse. Mean values of 
12 to 14 observations with standard deviation have 
been presented after deducting the background attach¬ 
ment of unopsonized RBC. The data were analysed 
using Student’s t test. 


Protocol. The effect of JEV infection, Ts^, TS 2 cells 
and suppressor factor on Fc-mediated attachment of 
opsonized SRBC by macrophages was studied. The 
mice were injected i.p. with JEV or SF and i.v. with Ts^ 
or Ts 2 cells (1 x 10® cells/0.25 ml). The mice were 
sacrificed on alternate days from day 1 to day 26 p.i. 
Normal mice were included in each experiment as 
controls. The peritoneal macrophage monolayers on 
coverslips were prepared and assayed for rosetting of 
opsonized SRBC. The tests were done in triplicate 
macrophage monolayers and the mean value as obtained 
(± SD) from 5 to 7 mice in each group after deducting 
background binding of non-opsonized SRBC is 
presented. 

Results 

Effect of JEV infection on Fc-receptor-mediated 
attachment 

Figure 1 shows Fc-receptor-mediated attachment of 
opsonized SRBC (EA) following i.p. inoculation of JEV 
at different periods. The mean per cent rosette-forming 
cells on different days in normal control mice were 
75 ±4.4%. No significant day-to-day variation was seen 
in the attachment values of EA in controls while JEV 
infection diminished the rosette-forming capacity of 
macrophages and the values remained lower than the 
controls throughout the study. The lowest values were 
observed on day 18 (46 ±5%). 

Effect of Tsi and Tsi cells on Fc-receptor-mediated 
attachment 

Mice were injected with either Ts^ or TS 2 cells (1 x 10®) 
intravenously. The peritoneal macrophages of recipient 
mice were collected on day 1 and then at 4-day 
intervals of the cell transfer and studied for Fc-receptor 
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Figure 1. Pattern of attachment of opsonized sheep erythrocytes 
(EA) by peritoneal macrophages at different time after intraperitoneal 
inoculation of JEV (O) or in uninoculated control (•). Each value 
represents the mean ± SD from 5 to 7 mice. 
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Figure 2. Pattern of attachment of opsonized sheep erythrocytes by 
peritoneal macrophages on different days after inoculation of TSl 
(□); TS2 (■). JEV and TSl (m); JEV (H) or uninoculated control 
(®). Mean value ± SD presented. 

functions. Figure 2 shows that following Ts^ cell 
inoculation 64 ±6% of macrophages attached EA on 
day 1 which slightly decreased on day 5 (48 ±2.6%) and 
then recovered. A sharp decline in the capacity of macro- 
phages to attach EA (31 ± 7.0%) was observed on day 5 
after Ts 2 administration which increased thereafter to 
52 ±1.5% but remained below the control values 
throughout the study period. In control mice 70-78% 
of macrophages showed attachment of EA. 

In another experiment the combined effect of JEV 
and Tsj on Fc-receptor-mediated attachment of EA by 
peritoneal macrophages was studied (Figure 2). In mice 
given JEV and suppressor cells simultaneously, the 
binding of EA by macrophages was reduced significantly 
compared to that of mice receiving JEV alone or Ts^ 
cells alone on day 5, The values remained low 
throughout the study period in comparison with 
controls. 

Effect of SF on Fc-receptor-mediated attachment by 
macrophages 

Groups of mice inoculated with SF (1:50) i.p. were 
sacrificed at different periods and the capacity of macro¬ 
phage to bind opsonized SRBC through Fc receptor 
was studied. Figure 3 shows that in the normal control 
group the percentage of rosette forming was 

78 ±6% while that in SF inoculated groups was 
reduced throughout the study period with the mean 
value of 49±5%. 

The effect on attachment of opsonized SRBC by M(t> 
on different days after simultaneous i.p. inoculation of 
SF (1:50) and JEV was studied. A sharp decline in the 
proportion of cells binding to opsonized SRBC was seen 
11 to 13 days p.i. being 18 to 20%. The Fc-receptor- 
mediated attachment values recovered gradually (Fi¬ 
gure 3). 

In vitro effect of SF on Fc-receptor-mediated attachment 
In vitro effect of SF on the macrophages to suppress 
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Figure 3. Pattern of attachment of EA on peritoneal macrophages 
on different days after inoculation of SF and JEV given at the same 
time (•), or SF (O), or JEV (A), or uninoculated control (A). Mean 
value ± SD presented. 

their binding capacity for the opsonized SRBC was 
studied. The M<^ cell sheet was incubated with 
different dilutions of SF for 1 h at 37°C and then 
washed. Table 1 shows that the rosette-forming capa¬ 
city of M<^ remained unaltered as there was no diffe¬ 
rence in the binding capacity of control (84.3 ±0.98%) 
and different dilutions of SF-treated macrophages. 

Discussion 

The results show that during JEV infection, the Fc- 
receptor-mediated attachment of EA to mouse macro¬ 
phages was depressed. The macrophages lost their 
ability to bind EA markedly on day 18 p.i. At later 
periods this recovered slightly but remained signi¬ 
ficantly lower than the controls. 

The depression of Fc-receptor functions of macro¬ 
phages can be caused by different mechanisms, viz. 
immobilization of the receptorsselective internali¬ 
zation of macrophage membrane^"*^; production of 
antibody to macrophage surface by host^^; decreased 
contents of cyclic AMP-dependent protein kinase^; 
killing or functional damage of macrophages by the 


Table 1. In vitro effect of SF on Fc-receptor mediated 
attachment. 


Group 

Dilution 

% positive* ± SD 

Normal 

— 

84.3 ±0.98 

SF 

1:20 

81.3 ±3.74 

SF 

1:50 

79.7 ±0.7 

SF 

1:100 

82.3 ±1.5 


M<^ monolayers prepared from normal mouse peritoneal 
fluid were incubated with different dilution of SF for 1 h at 
37°C and then assayed for Fc-receptor-mediated binding 
capacity. 

Mean ± SD presented. 

^Macrophages with 3 or more than 3 SRBC’s attached on 
it were considered positive. 
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virus-induced-cytotoxic factor^^ etc. While investigating 
the cause of depressed Fc-receptor-mediated attachment 
in JEV infection it was realized that the period of 
alteration of the EA binding coincides with the 
appearance of supressor T cells in such mice*^. 

We have observed earlier that JEV infection in mice 
generates two suppressor pathways; one mediates 
suppression of antibody production and the other 
delayed type hypersensitivity immune response^. Maxi¬ 
mum suppressor activity was noticed between day 18 
and day 20 p.i. The first generation of JEV-induced 
suppressor T cells (Tsi) produce a suppressor factor. SF 
recruits a second generation of Ts 2 cells, which 
transmits suppressor signal through production of 
SF 2 ®. Therefore, an attempt was made to investigate the 
effect of suppressor T cells or their products on the Fc- 
receptor functions of macrophages. We have observed 
the lowest values of EA attachment by macrophages on 
day 18 following JEV infection. At later periods the 
values increased slightly but continued to be less than 
those in uninfected control mice. Further, the treatment 
of mice with JEV-induced Tsi cells had slight effect 
while the TS 2 cells produced a significant decline in Fc- 
receptor-mediated attachment of EA by macrophages 
on day 5 p.i. (Figure 2). Similarly when JEV and SF 
were given together the attachment values showed 
depression earlier than those of mice given JEV alone. 
Thus suppressor cells induced by JEV appear to 
regulate the Fc-receptor-mediated attachment of EA on 
macrophages through suppressor factor and may be a 
mechanism for prevention of virus infection of macro¬ 
phages. Lymphokines are known to activate macro¬ 
phages and enhance their functional capabilities, 
including the Fc-receptor functions^. It is interesting to 
note that of the two antigenically close flaviviruses, the 
JEV and the dengue, the soluble T cell products depress 
the macrophage functions by two different mechanisms. 
In DV infection it is mediated by a cytotoxic factor 
which is a T cell product and kills the macrophages^^ 
On the other hand in JEV infection the SF (a non- 
cytotoxic product of T cell) brings about the same effect 
through functional disturbance of the macrophage. 
Suppressor factors generated in different models have 
been shown to bind to the surface of macrophage and 


transmit the signal to the target cells^'^’^®. In JEV 
model also, macrophages have been shown to be 
obligatory for transmission of signal between Tsj and 
Ts 2 cells by the SF®. During this process, the Fc- 
receptor functions probably get disturbed. Thus, 
suppressor cells may control Fc-receptor-mediated 
attachment and help in prevention of virus infection to 
macrophages. 
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A. note on tunable transconductance of 
a branching molecular wire 

Varsha Deshpande and N. Kumar 

JI>epartment of Physics, Indian Institute of Science, 

Ha.ngalore 560012, India 

It is shown that the Griffith boundary conditions on the 
wavefunction of an electron moving coherently on a 
molecular network of one-dimensional conductors (de¬ 
localized bonds) lead to a branching resistance at the 
node that can be tuned resonantly. The latter provides a 
mechanism for regulating the transfer of an extraneous 
electron over a ‘molecular wire’ connecting two compo¬ 
nents of a supramolecular device. 

Ix is well known that the quantum chemistry of 
oonjugated and aromatic molecules is well described by 
the simple ‘network model’ in which the molecule is 
replaced by a network of straight lines (bonds) 
connecting neighbouring nodes (atoms), providing 
pathways for the motion of ‘free electrons^’^. The 
potentials are effectively replaced by the boundary 
conditions on the wavefunction, namely that the latter 
should be single-valued and the sum of its outward 
derivatives should add to zero at each mode^. This 
network model, sometimes also referred to as the free 
electron model, leads to resonance energy, bond order 
and excitation energy values to within a few per cent of 
those calculated by the method of molecular orbitals. 

Early applications of this simple network model were 
concerned primarily with the energetic aspect of the 
problem. Recently, the emphasis has shifted to another 
aspect, namely, that of charge transport by these 
conjugated chains leading to the concept of the 
‘’molecular wire’, e.g, bispyridine polyenes'^. For the 
purpose of this note we can fix our attention on the 
archetypal linearly conjugated trans-polyacetylene 
(CM)n- Here there is a covalent backbone of cr-bonds 
resnlting from the planar sp^-hybridization, while the tt- 
orbitals overlap laterally to give a nominally half-filled 
band of delocalized 7i-electrons. This metallic state, of 
course, assumes complete resonance sans broken 
symmetry. The second possibility is that of dimerization 
tbat can be visualized chemically as bond alternation 


(alternating single and double bonds) resulting in a 
broken symmetry. Physically this is the Peierls state 
with a gap opening at the Fermi-level (i.e. a 
semiconductor). Now, an extraneous electron injected 
into the chain can propagate as in a doped semi¬ 
conductor, or more interestingly, it can lead to a 
charged (spinless) or neutral (spin 1/2) soliton (i.e. 
soliton doping). Thus, in all the three cases we can have 
a mobile charged object that translates along the chain 
and is subject to particle quantum mechanics. Hence a 
molecular wire. 

Let us consider the transconductance of a branched 
molecular wire due to these charged particles. Figure la 
shows a hypothetical conjugated chain (1,2) branched 
(bifurcated) at the node (3) with (3,4) as the side-chain. 
Figure lb shows the equivalent network for this 
branched molecular wire. Let the charged particle be 
injected at the terminal 1 at energy E — m with k 
as the wave-vector. It is partially reflected (amplitude 
reflection coefficient r), partially transmitted (t) with the 
different partial waves as shown in Figure lb. All 
distances are measured away from the node (3) as the 
origin. Thus we have the Griffith boundary conditions^ 

il/i(0) — iIj 2 (0) = i /^3 (0), (single valuedness) 

=0, (Kirchhoff law) (1) 

i OX^ node 

with 


=exp {—ikxi) ■+■ ^ (ikxi) 

\j/2==2s cosfc(/ —X 4 ) 

1^3 = t exp (//CX 2 ). ( 2 ) 

Solving for the transmission coefficient T=\t\^, we get 

r=|tp = l/(l+itan2it/). (3) 

It is convenient to introduce transconductance as given 
by the Landauer formula^ 


G- 




cot^ kl. 


( 4 ) 


For eq. (4) to hold we have to assume that the 
molecular wire is terminated at the two ends 1 and 2 
into electroactive reservoirs where the particle can be 



Figure 1. a, Hypothetical branched conjugated chain, b. Equivalent network showing partial wave amplitudes. 
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injected or removed reversibly. The expression (3) is, of 
course, valid generally and is central to our discussion. 

As is readily seen, the transmission is resonantly 
tuned by the side-chain length I Most importantly, the 
electron transfer can be blocked for certain tuned 
values of the side chain length, i.e. for cotfc/ = 0. This 
suggests the intriguing possibility of a critical regulation 
of electron transfer between sites of reduction and 
oxidation in a supramolecular structure. It has been 
suggested that long-distance electron transfers are 
involved in the enzyme catalysis of biological activity 
and, indeed, specific pathways for electron transfers 
have been proposed'^. What we are suggesting here is 
that in such cases a critical regulation, or control of the 
action, can be achieved by a relatively small molecule 
acting as a side-chain of suitable length located on the 
pathway. 

Finally, for this purely wquantum-interferential control 
to be effective, a long coherence length is required at 
physiological temperatures. This favours the solitonic 
mode of charge transport along the conjugated chain. 
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Occurrence of twinning and parallel 
growth in zircons of the Palampur 
granitoids, northwestern Himalaya 

N. Chaudhri 

Centre of Advanced Study in Geology, Panjab University, 
Chandigarh 160 014, India 

Well-developed geniculate and less regular types of 
twinning and two types of parallel growth have been 
observed in zircons of the Palampur granitoids. The 
crystallization histories of such crystals have been 
deduced on the basis of morphological features. These 
primary growths are considered to be of magmatic 
origin, and have formed at a late stage in the crystal¬ 
lization history of zircons. 
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Zircons sometimes show various kinds of primary and 
secondary growth features. The primary growths are in 
the form of parallel, necked and twinned crystals. Such 
growths are quite rare in zircons and are considered to 
be characteristic of magmatic granitoidsSecondary 
growths occur in the form of enhanced overgrowths, 
outgrowths and multiple growths. These growths are 
relatively common in zircons and are characteristic of 
anatectic or metasomatic granitoids^ 

During investigations on Palampur granitoids^, well- 
developed twinning and parallel growths have been 
noticed in the zircons; these are recorded for the first 
time from the Himalayan granitoids. It may be 
mentioned that such growth features are extremely rare 
in the literature. 

Two types of twinned zircons were observed in the 
rocks under study. These are: (i) the geniculate or elbow 
type of twinning (Figure la, ft) with (101) or (011) as 
composition plane. These twins are quite comparable 
with British Museum (Natural History) twinned zircons 
as reproduced in Figure 2:9 of Jocelyn and Pidgeon^; 
(ii) these crystals are of a less regular type of twins 
(Figure lc~e). In this case, the zircons are no longer 
symmetrical about the composition plane which itself 
penetrates partly into the crystal. These examples of 
twins are comparable with Figure 1:6-9 of Jocelyn and 
Pidgeon^ 

The morphological outlines of the above described 
zircons indicate that in the case of geniculate twins, 
initially the crystals had separate growth histories, and 
later on they joined together to form geniculate twins. 
On the other hand, in the case-of less regular twins, it 
seems that both the crystals had joined together at an 
earlier stage of crystallization, and they then grew 
separately to form twins. These twinned crystals therefore, 
are likely to have formed at a late stage in their crystalli¬ 
zation history. 

Zircons of the Palampur granitoids exhibit two types 
of parallel growth: (i) composite parallel grown zir¬ 
cons lying on face 100 and united along (100) composi¬ 
tion plane (Figure lf~h). Such zircons show parallel or 
nearly parallel extinction, as the C-axes of both the 
crystals are parallel; (ii) composite parallel grown zircons 
lying on prismatic face 110 or 100 and showing a 
tendency to join along a pyramidal face (Figure h*). The 
plane along which such crystals are united is somewhat 
irregular and inclined (Figure Ij). The parallel growths 
have also been noted by other workers^’^*®’^. Poldervaart 
and Eckelmann^ named such zircons as ‘aggregate 
crystals’. 

The presence of different type of morphological 
features, like inclusions, cracks, concentric zones, etc. in 
both the portions of composite zircons indicates that 
initially both the crystals had grown separately, and 
subsequently they joined together resulting in parallel 
growths. Jocelyn and Pidgeon^ stated that the rarity of 
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Figure 1. Zircons from the granitoids of the Palampur area showing 
twinning (a-e) and parallel growths (/-/). Geniculate type of 
twinning along a pyramidal face, c-e, Less regular twinned zircons 
where two crystals have joined along a pyramidal face, f-b, Parallel 
composite zircons joined along the prismatic face, i' Two parallel 
grown zircons along C-axis having a common base, y. Irregular and 
inclined composition plane joining two individual zircons. Both the 
crystals show different type of inclusions. 


parallel growths in zircons is somewhat puzzling. It is 
of interest to speculate on the conspicuous rarity of 
such zircons, Zr is an incompatible element as it is not 
incorporated into the crystal lattice of other minerals, 
and forms a separate mineral phase-zircon; the 
availability of Zr in a magma is also limited. Conse¬ 
quently, the nucleation points for crystallization of 
zircon are also few an far apart, and, therefore, it 
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would be difficult for magmatic turbulence to bring the 
growing crystals together in a granite magma, consider¬ 
ing zircon as one of the earliest crystallized minerals. If 
by any chance, nucleation is relatively very close and 
the magmatic turbulance is quite strong to drift such 
growing crystals in parallel position, they would result 
in parallel growth features or the zircons may rotate in 
such a position that the faces having least interfacial 
energy would come in contact with each other and 
result in synneusis^^. Nevertheless, these processes are 
episodic in nature because initially formed zircons may 
act as nuclei for the growth of other rock-forming 
minerals. 
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Small shelly fossils of Precambrian- 
Cambrian boundary beds from the Krol- 
Tal succession in the Nainital Syncline, 
Lesser Himalaya 

D. K. Bhatt and Anii K. Mathur 

Geological Survey of India, Lucknow 226 020, India 

Small shelly fossils (ssf), including Coleohides typicalis 
Walcott, Olivooides wultisulcatus Qian, JHyolithellus sp. 
and ITurcutheca sp., were recovered from a 150-m-thick 
phosphate-bearing section in the Krol Belt succession of 
Nainital Syncline. The stratigraphic situation of the ssf- 
yielding interval matches well with that obtaining in the 
oldest ssf-yielding intervals, represented by the Chert- 
Phosphorite Member of the Tal Formation, in the 
Mussoorie and Garhwal Synclines. 

The small shelly fossils include a variety of shell 
morphologies, usually of microscopic dimensions, 
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comprising of gastropods, inarticulate brachiopods, 
hyolithelmenthids, annelids, poriferiids, protoconodonts 
and a host of problematica. Their potential for the 
delineation of Precambrian/Cambrian transition beds 
that manifest a global phosphate event and the 
definition of a pre-trilobitic Cambrian system has been 
established in recent years^"^. 

In the context of the Himalayan sequence, the long 
vexed problem of chronostratigraphy of the Krol-Tal 
sequence of Lesser Himalaya has now found an 
acceptable solution^’based initially on the recogni¬ 
tion of small shelly fossils in the basal Tal sequence in 
the Mussoorie Syncline®’Here we report the presence 
of small shelly fossils in the relatively less studied, 
southeastern extremity of the Krol Belt sequence, 
exposed in the Nainital Syncline. 

The litho-column measured and investigated for the 
microfauna is located 7 km from Nainital on the 
Nainital-Kaladhungi road, near the village Chorkhet 
(29° 23'N: 79° 26' E), and forms cliff section in the road- 
cut (Figure 1). In this clearly exposed and easily 
accessible section, the massive bedded dolomites of 
Upper Krol (Krol E of Fuchs and Sinha^^ = Sherwood 
Member of Valdiya^^) are observed to be gradationally 
and conformably overlain by a sequence of pyriteferous 
dark grey to black shale/slate and dolomite interbeds 
(Krol F of Fuchs and Sinha^^==Giwalikhet Member of 


DEOPATHA 



SYNCLINAL AXI$ 

50 DIP OF THE STRATA 
INVERTED STRATA 
SECTION MEASURED 
^ ROAD . ^ LAKE 


Figure 1. Geological map and section-line of the measured section, 
Nainital Syncline. 



Figure 2. Details of the stratigraphic column measured and 
microfaunally investigated in the Nainital Syncline, exposed along the 
Nainital-Kaladhungi road, near Chorkhet. 


Tal Formation of Valdiya^^; Figure 2). The Krol-Tal 
transition sequence in the Nainital Syncline is phos¬ 
phate bearing^and contains a profusion of algal 
mat-bearing dolomites and occasional layers of laterally 
linked hemisphaeroidal stromatolites. There is a definite 
shift in facies at the end of Sherwood Member (of Krol 
Formation); however there does not appear to be any 
recognizable sedimentational break with the overlying 
Giwalikhet Member (of Tal Formation). 

A total of 150 m thick section is reported in this 
study, of which the lower 77 m includes the top part of 
the Sherwood Member and the rest 73 m falls in the 
overlying Giwalikhet Member. Nineteen samples from 
the Sherwood Member and 24 samples from the 
Giwalikhet Member were examined microscopically 
after preparation with the usual acetic acid treatment. 
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Only the fossil-yielding samples are marked in the 
figure (Figure 2). 

Small shelly fossils are noticed throughout the section. 
Only phosphatic dolomite horizons were examined for 
microfaunal yield at the first instance, for it is well- 
established globally that in addition to the bedded 


phosphates like in China^, the small shelly fossils 
have good facies association with phosphatic lime¬ 
stone/dolomite in the terminal Proterozoic and basal 
Phanerozoic sequences^. The small shelly fossil yield 
from the Nainital Syncline includes Coleoloides typicalis 
Walcott, Olivooides multisulcatus Qian, ? Hyolithellus 



Figure 3. a' ITurcutheca sp., PRF/5994B; h, 7Hyolithellus sp., PRF/5982; c and e, Steinkern fragments of suspected tubular or 
conoidal shelled organisms, PRF/5994C 8c PRF/5994D; d, Olivooides multisulcatus Qian, PRF/5994A; / and g, Coleoloides 
typicalis Walcott, PRF/5978 & PRF/6017; bar scale represents 0.1 mm; catalogue numbers pertain to the repository of the 
Palaeontology Division, Northern Region, GSI. 
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sp., and ITurcutheca sp. All these forms are essentially 
taxonomically still uncertain and represent tubular or 
conoidal shelly animals, except for Olivooides, which is 
globular in shape (Figure 3d). Coleoloides typicalis is the 
most persistent fossil element present throughout the 
section and starts appearing from the oldest sample, viz. 
CH-1, continuing until the last sample, viz. CH-40. 
Many of the C. typicalis specimens are curved or 
sinuous (Figures 3f,g) and are invariably diagenetically 
limonitized, representing internal moulds. The remain¬ 
ing taxa in the assemblage are represented by single 
specimens, viz. Olivooides multisulcatus Qian (CH-17), 
IHyoUthellus sp. (CH-5) and ITurcutheca sp. (CH-17). 
The frequency of occurrence of the microfossils is 1 or 2 
specimens per 1000 g of fossiliferous sample. 

The shell wall is present only in case of Olivooides 
multisulcatus and ITurcutheca sp. It is characteristically 
smooth in case of the former. In ITurcutheca sp. the 
surface ultrastructure appears to be considerably 
modified due to diagenetic overgrowth. Nevertheless, 
the oval cross-section of the shell (somewhat compressed 
in the present case; Figure 3a) is being taken to denote 
an important generic character of Turcutheca Missar- 
shzevsky, although the elements of Turcutheca elsewhere 
in the Lesser Himalaya, viz. the Chert-Phosphorite 
Member of Tal Formation in the Mussoorie and 
Garhwal Synclines'*'’^, consist of markedly conoidal 
shells in contrast to the present record from Nainital. 

All the accompanying fossil elements in the assem¬ 
blage are internal moulds (steinkerns) the most prolific 
being the relatively abundant limonitized steinkern 
fragments of Coleoloides typicalis Walcott, possessing 
the characteristic longitudinal striations on the surface 
(Figures 3/,^). An examination of the surface of 


IHyolithellus sp. reveals microgranular texture on the 
surface and striations as in C. typicalis are not present. 
Its fragment is also non-limonitized. Also the samples 
at 1 or 2 levels in the measured section abound in 
fragments of various shapes and textures, apparently 
representing internal moulds of either cylindrical or 
conoidal tubes. In some fragments annularly-flared 
rings across the axis of symmetry are also visible 
(Figure 3e). Usually these are uniformly circular and 
smooth (Figure 3c). Some fragments show fibrous 
surface ultrastructure (Figure 3c). 

The widespread phosphorite horizon overlying the 
Krol Formation in the Mussoorie Syncline, i.e. the 
Chert-Phosphorite Member of Tal Formation, has been 
assigned the time-frame represented by Zone I of the 
Meishucunian Stage^’^, based on a close similarity of 
the small shelly fossil assemblage with the Meishucunian 
type section in South China. Coleoloides typicalis 
Walcott and Olivooides multisulcatus Qian form major 
constituents of the microfaunal yield of the Chert- 
Phosphorite Member (of Tal Formation) in the 
Mussoorie Syncline^’^. 

Judging from the stratigraphical succession, correla¬ 
tion of the phosphate event and the common yield of 
the small shelly fossil elements Coleoloid .s typicalis 
Walcott and Olivooides multisulcatus Qian, we tentatively 
infer that the stratigraphical interval defined by the 
topmost 77 m of the Sherwood Member of Krol 
Formation and the basal 73 m of the succeeding 
Giwalikhet Member of Tal Formation in the Nainital 
Syncline represents the same time span as the Chert- 
Phosphorite Member of Tal Formation in the Mus¬ 
soorie and Garhwal Synclines"^’^’^. 

The strata delineating the Meishucunian Zone I 





Figure 4. Tentative chrono-correlation of the Nainital sequence (Krol-Tal) with those of the Mussoorie and the Garhwal Synclines. 
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(? = earliest Tommotian Stage) are present in the 
Nainitai Syncline. (According to the tentative decision 
arrived at in the meeting of Precambrian-Carabrian 
Working Group (lUGS: IGCP 29) in January 1984, 
Zone I of the Meishucunian Stage is to be taken as the 
youngest fossil zone of the Late Proterozoic and the 
Precambrian/Cambrian boundary is, for the present, to 
be marked at the contact of Zones I and II of the 
Meishucunian Stage.) 

The strata chronostratigraphically equivalent to the 
Tal Formation are present in the Nainitai Syncline. 

The small shelly fossils start appearing already in the 
phosphatic dolomites of the uppermost Krol in the 
Nainitai Syncline; similar small shelly microfaunal 
assemblage in the Mussoorie Syncline is restricted to 
the Chert-Phosphorite Member of Tal Formation. This 
shows a time-transgressive nature of the Krol-Tal 
contact (Figure 4). (The reported small shelly fossil 
yielding ‘Krol D’ horizonof Durmala area, in 
Mussoorie Syncline, has recently been assessed as 
belonging to the Chert-Phosphorite Member of Tal 
Formation^ ^.) 

The widespread prevalence of Coleoloides typicalis 
Walcott in the Mussoorie and Nainitai Synclines of the 
Lesser Himalaya and its presence also in the sequence 
of Higher Himalaya in Kashmir^®, indicates the 
possibility of the zonal significance of this fossil element 
in the Late Proterozoic/Early Cambrian stratal records 
of the Himalayan region. 
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Biostratinomic significance of bioeroded 
gastropod shells from the coastal region 
of Pondicherry 

Siddhartha Sengupta and Amitava Lahiri* 

Geology Department, Durgapur Government College, 

Durgapur 713 214, India 

♦Postal Park, Bansdroni, Calcutta 700 070, India 

Turritelh specimens collected from Pondicherry coastal 
area show strong evidence of bioerosion (caused by 
polychaete activity) and abrasion/attrition (imparted in 
the high-energy surf zone). The bioerosion may have had 
a two-fold effect: (i) constructive—the soft-bodied 
polychaeta are recorded (as potential trace fossil) on 
Turritelh shells (potential body fossil) with better chance 
of preservation, and (ii) destructive —Turritella shells 
become secondarily fragile in high-energy biostratinomic 
environments. 

Specimens of Turritella were collected during a geologi¬ 
cal study along the coastal region of the Bay of 
Bengal immediately south of Pondicherry (ir55'30"N, 
79‘'50'E). The present study concerns shell damage 
marks superimposed on the primary morphology of 
these specimens. The preliminary study was based on 
random collections. Subsequent collection of 72 
Turritella specimens substantiate the present observa¬ 
tion. The specimens are preserved in the Geology 
Department of Durgapur Government College. 

The major shell damage marks observed may be 
broadly classified as scour marks and pit marks. Scour 
marks (Figures la,b) are essentially narrow elongated 
tunnel-like features showing variable depth of scouring 
of shell material. The size of scour marks varies widely; 
the larger marks being more prominent than the 
smaller ones. Both large and small scour marks are 
disposed at varying angles with respect to the spiral 
ornamentational features. They occur more prominently 
on the external shell surface than on the internal surface 
(Figure la). Most scour marks are strikingly shallow at 
one end and deep at the other. Pit marks are relatively 
large, circular to subelliptical cavities with irregular 
peripheral margins, distributed either along sutures or 
on the whorl surfaces (^Figure lb). Both scour and pit 
marks are frequently present on a single specimen. They 
are also generally found distributed on the side with 
apertural opening. Apart from scour and pit marks, 
some shells show small circular to subcircular borings 
on their external surface (Figure Ic). 
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Figure 1. a, Turritella specimen with dominant scour marks on 
internal (X) and external (Y) surface and few pit marks (P). b. Pit 
marks (P) dominantly present on Turritella specimen along with few 
scour marks on external surface (Y). c, Borings (B) on external 
surface of Turritella specimen. 

The above features seem to reflect definite biostrati- 
nomic imprints (epibiont activities and intense physical 
stress) on Turritella specimens. 

Detailed study revealed that the morphology of the 
scour and boring marks observed on Turritella shells is 
comparable to the illustrations by other authors^ 
Comparative study showed that the scour and boring 
marks on Turritella shells are caused by annelid 
(Polychaeta) activity. The scour and boring marks are 
thus evidence of bioerosionThis is the first report of 
bioerosion from the coastal region of Pondicherry. 
Polychaeta activity described above is generally con¬ 
sidered to serve the primary objective of providing 
protective domicile to the worms. Knowledge of the 
detailed process of polychaeta boring/tunnelling is still 
lacking. However, the prevailing opinion shows that 
both mechanical (use of parapodia, jaws and setae) and 
chemical (secreted acidic substance) means are suitable 
for boring/tunnelling^. 

Pit marks are believed to develop on the shell surface 
owing to the action of intense physical stress (attrition 
and abrasion) in the high energy marine realm (above 
the normal wave base, especially in the surf zone). A 
similar hypothesis was given by others^ to explain the 
mode of development of features similar to the pit 
marks. 

The potential for preservation of soft-bodied poly¬ 
chaeta is very low. However, the possibility of recording 
such organisms in the palaeontological world is greatly 
enhanced by some of their ethological traces left behind 
particularly on hard substratum, though intense boring 
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and/or tunnelling secondarily increases shell fragility. 
Physical stress may then operate on such fragile shells 
causing their total destruction. Thus potential trace 
fossil (of polychaeta), body fossil (of Turritella) and their 
respective moulds and casts may or may not be 
represented in the palaeontological world depending 
upon the degree of epibiontic activity with other 
conditions of preservations remaining the same. More¬ 
over, intense epibiontic activity as described above is 
likely to obliterate important biocharacters, rendering 
the specimens taxonomically less useful. 
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Haematocrit dependence of cellular 
axial migration and tubular pinch 
effects in blood flow through glass 
capillaries 

Megha Singh and A. T. V. Ramesh 

Biomedical Engineering Division, Indian Institute of Technology, 
Madras 600 036, India 

The computer-aided tomographic technique has been 
applied to determine the cross-sectional variation of the 
cellular distribution in the fully developed steady blood 
flow, in a ^lass capillary of 90 fim. The axial migration, 
tubular pinch effects and occurrence of multilayers in the 
flow, which depend on the haematocrit of blood sample, 
are observed. 

The erythrocyte distribution in a horizontally placed 
glass capillary of 90 jum diameter, during fully developed 
steady blood flow, has been analysed by computer- 
aided tomographic procedure at various haematocrits. 
The findings are: (a) at low haematocrit the erythro¬ 
cytes move towards the axis, (b) with increasing cell 
concentration the cell population at the axis decreases 
compared to that at a distance away from the axis and 
wall, (c) there are number of layers of varying cell 
concentrations, and (d) the concentration of the cells in 
these layers depends on the haematocrit of the blood 
sample. 

For this purpose the steady flow is developed in a 
capillary tube by a compact infusion pump attached 
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with 1 ml syringe used as sample holder. The blood 
contained in this is well mixed by a magnetic stirrer. To 
avoid the entrance elFect the entry length of the tube is- 
kept 20 cm throughout the experiment. For observation 
and photographic purpose the capillary was placed on 
the stage of an optical microscope (Hertel and Reuss, 
W. Germany) and photographed. At the other end of 
the capillary, the flow is monitored by a pair of opto- 
couplers, connected to a 8085-based microprocessor. 
The flow was maintained constant for samples of 
different haematocrits (Figure 1). 

The fully developed flow at velocity 2.0 cm/s was 
photographed with an Agfa Gaevert film of ASA 80. Its 
densitometer scan was directly fed to a IBM PC-AT 
through an A/D convertor. An average of three such 
scans obtained on the same frame of film at different 
locations was employed as one projection. Due to the 
symmetric nature of flow 60 such projections were 
generated and processed to obtain the tomogram of the 
cell distribution in the tube^ By the same procedure the 
projections of the plasma and of blood at various 
haematocrits were generated. 

From these projections, the cross-section of the 
image f{x,y) was obtained by a filtered back-projection 
technique given by 


fix,y)= 


Qi6,Xcose+ ysin0)d0 


where, 9 is the angle subtended by a straight line with 
x-axis and 6(“, —), the filtered projection obtained 
from measured projection. 

The reconstructed object function was in the form of 
a two-dimensional array of numbers. This was 
converted by assigning grey levels from 0 to 255. For 
printing the original 256 grey level image was scaled 
down to 32 levels and a 128 x 128 image was printed on 
a dot matrix printer. 

Fresh blood samples were obtained in plastic 
syringes containing acid citrate dextrose (10:1.3) as an 
anticoagulant and centrifuged at 3000 rpm for 15 min. 
Thereafter the buffy coat was removed and discarded, 
and the plasma separated. The plasma and cells were 
mixed in various proportions to obtain samples of 
different haematocrits. 

Figure 2 shows the tomogram and cell population 
across the diameter of the tube with plasma. As there 
are no cells, a uniform intensity over its diameter is 
observed. 

Figure 3 shows the distribution of erythrocytes over 
the cross-section of the tube at haematocrit 10%. At 
the edges the cell population is less, which increases 
towards the centre. The maximum value is obtained at 
the centre. A similar pattern at haematocrit 20% was 
also observed. With the increase of haematocrit, the cell 
population at the axis, compared to other regions, 
decreases. Figure 4 shows the erythrocyte distribution 
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Figure 1. Schematic diagram of the experimental arrangement. 
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Figure 2. Axial and cross-sectional views of the capillary with plasma along with grey scale. The cell population does not show any 
change due to absence of cells. 
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Figure 3. Axial and cross-sectional views of the capillary with blood of haematocrit 10%. The cell population shows an increase at 
the axis. 
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Figure 4. Axial and cross-sectional views of the capillary with blood of haenaatocrit 60% along with grey scale. The cell population 
decreases at the centre compared to regions between the axis and the tube wall. 




at haematocrit 60%. By a similar procedure the 
distribution of erythrocytes at various hematocrits was 
obtained and cell population in the central region 
determined. Figure 5 shows the variation of cell 
population at the axial region of the tube. Initially it 
increases at the axis compared to the other region, 
followed by a decrease with increasing haematocrit. 

The present observations show that at low haemato¬ 
crit the cells tend to move inward which is similar to 
that of the action of Magnus force acting on the spheres 
leading to axial drift thus reducing their concentration 
close to the walF. The minimum distance to which the 
suspension could move away from the wall is 1.301 
times the radius of the sphere^. The validity of the same 
phenomenon for erythrocytes which are discoid or 
flattened disk shows that the hydrodynamic lift to the 
erythrocytes is more than Magnus force'*'. 

The velocity away from the wall region is well 
defined and is maximum at the centre. Each layer 
consists of cells that form a necklace around the core 
region. The thickness of this layer is equal to that of the 
diameter of the particles^’^. Due to axial drift an 
increasing number of cells form annular laminae of 
varying cell population. The maximum velocity leads to 
maximum concentration at the centre of the tube. These 
cells move faster than the surrounding plasma thus 
explaining the Fahraeus effect^ which states that the 
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Figure 5. Variation of the cell population at the axis of the tube 
with blood of varying haematocrits under steady flow conditions. 


capillary cell concentration is less than that of the feed 
reservoir. The velocities associated with these cells are 
smaller than that of Poiseuille’s flow®. 

For solid spheres at high population the outwardly 
directed dispersive pressure als6 increases and a subtle 
balance between the two forces determines the ultimate 
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radius concentration pattern^. The inertial effect causes 
individual neutral density, rigid spheres flowing down a 
tube to migrate towards an annulus, an effect which is 
known as the Segre and the Silberberg effect. This 
migration becomes increasingly obvious as the flow rate 
rises and the tube length increases 
Unlike sphere suspensions, the plasma layer in blood 
flow is quite variable. Occasionally cells move near the 
wall to touch it®. With the increase of haematocrit the 
cell-cell interaction increases, leading to the formation 
of aggregates which rotate as a whole. At equilibrium 
these form an average size and an elongated shape. 
With the increase in Reynolds number the cells not 
only show axial migration but also move outward from 
the tube axis^^, thus giving rise to tubular pinch effect^. 

This phenomenon could be explained assuming that 
at low concentration the cells tend to migrate toward 
the centre forming the laminae of varying concentration 
and a disorderly packed core of cells. With the increase 
of cell concentration the number of cells at the centre 
remains almost the same, whereas the annular laminae 
attain uniform concentration of cells which even 
extends towards the wall thus decreasing the width of 
the plasma layer^^ With further increase of concentra¬ 
tion the disorderly packing at the centre does not 
increase significantly compared to that of the laminae 
region leading to further reduction of plasma layer^’ 

In conclusion, the flow of erythrocytes in a capillary 
of 90 fim diameter exhibits phenomena similar to those 
observed in solid suspensions. The mechanisms res¬ 
ponsible for these could be similar but of different 
magnitudes due to the deformable nature of erythro¬ 
cytes. Contrary to earlier observations, these phenomena 
could occur even at the same flow velocity. 
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Methods to enhance solid mutation 
frequency in Colocasia 

K. Vasudevan and J. S. Jos 

Central Tuber Crops Research Institute, Trivandrum 695 017, India 

Though successful induction of mutation in Colocasm 
through gamma irradiation has already been achieved, 
the mutation frequency has remained low and an attempt 
has been made in the present study to enhance the 
frequency by adopting different techniques. The side 
tubers were subjected to 1 kR gamma treatment and 
planted as 1) whole tubers, 2) tuber pieces of 4-5 g, 
3) tuber pieces keeping the identity of top, middle and 
base and 4) tubers collected from MVl generation and 
retreated (recurrent irradiation). In addition to sprouting, 
observations on morphological characteristics were 
recorded on 45th day after planting. The tubers harvested 
from such MVl plant were planted as MV2 progeny 
clones. Mutations were screened from MV2 generation 
for various leaf and plant characters. In general 
population raised from sliced materials showed greater 
growth reduction and also recorded a maximum Chimera 
frequency of 34.2%. The solid mutants were also greater 
in the population raised from the middle and the base. 

Mutations are induced in vegetatively propagated 
crops following gamma-ray treatments; however their 
recovery and isolation pose problems. In some crops 
adventitious bud techniques and tissue culture are 
cited^ as successful methods to obtain homohistant 
(solid mutant, i.e. nonchimeral mutated plants). Vasu¬ 
devan et al.^ reported comparatively low mutation 
frequency in Colocasia. However, Vasudevan and Jos^, 
and Vasudevan et have shown that it is possible to 
attain higher frequency of homohistant in Colocasia 
with suitable methods. 

The frequency of mutations induced by 1 kR y-ray 
treatment (taro, accession no. C 9, locally known as 
‘Thamarakhannan’ in Colocasia esculenta Curtz), was 
determined by: (i) 50 mature or well-developed side 
tubers planted as whole tubers along with the control 
following y-ray treatment, (ii) 15 y-irradiated side 
tubers cut into pieces weighing about 3 grams, and 50 
pieces planted in the field along with control, (iii) the 
irradiated tubers made into slices and planted keeping 
the identity of top, middle and basal pieces, and (iv) 15 
side tubers randomly collected from MVl generation 
retreated (recurrent irradiation) with 1 kR y-rays and 
planted in the field along with the control after cutting 
into 50 slices. The above materials were planted in the 
field in two replications at 30 x 30 cm spacing. 

In addition to sprouting, observations on morpho¬ 
logical characteristics were recorded on the 45th day 
after planting . The tubers harvested from each MVl 
plant were planted as MV2 progeny clones. Mutations 
were screened from MV2 generation for various leaf 
and plant characters. 
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Tabk 1. Sprouting, growth parameters, chimcral and solid mutation frequency in whole tuber, sliced tuber and recurrent irradiated 
population of Colocasia esculenta variety C.9 following 1 kR y-ray treatment. 


Treatment 

Number 
of tubers/ 
slices 

Sprouting 
(% of control) 

Height 

(cm) 

Leaf 

length 

(cm) 

Leaf 

width 

(cm) 

Sheath 

length 

(cm) 

Weight 
of tuber 
(g) 

Chimeral 

frequency 

(%) 

Solid 

mutation 

frequency 

(%) 

Whole tuber 

Control 

50 

100 

21.5 

12.2 

7.2 

10.5 

163.0 

0 

0 

Irradiated 

50 

87 

14.5 

8.0 

6.8 

7.1. 

132.0 

13.0 

7.6 

Tuber pieces 

Control 

50 

100 

18,8 

9.8 

6.5 

8.6 

121.0 

0 

— 

Irradiated 

50 

80 

12.5 

7.2 

5.4 

6.2 

104.0 

26.7 

16.5 

Tuber slices 

Control 

50 

100 

17.9 

10.1 

6.7 

8.5 

157.0 

0 

0 

Irradiated Top 

25 

88 

13.4 

7.4 

5.6 

6.7 

128.0 

18.5 

9.3 

Middle 4- basal 

50 

70 

11.5 

6.8 

5.0 

6.1 

107.0 

34.2 

17.7 

Recurrent treatments 

Control 

50 

100 

18.7 

13.0 

9.6 

10.2 

141.0 

0 

0 

Irradiated 4- Irradiated 

50 

64 

6.8 

4.6 

2.9 

3.4 

111.0 

31.7 

17.8 

CD 

— 

— 

1.17 

0.25 

0.92 

0.42 

8.4 

— 

— 


Delay and reduction in sprouting were observed in 
irradiated populations, which was more pronounced in 
the sliced materials (Table 1). Morphological characteri¬ 
stics recorded in the MVl generation showed a signi¬ 
ficant difference between treatments as against control. 
Moreover, the maximum growth reduction in terms of 
plant height (6.8 cm), leaf length (4.6 cm), leaf width 
(2.9 cm), and sheath length (3.4 cm) was recorded in the 
recurrent irradiated population as against 18.7 cm, 
13.0 cm, 9.6 cm and 10.2 cm, respectively, for these traits 
in control. It is also interesting to note that the growth 
reduction, an index of physiological injury in MVl, was 
greater in the populations raised from the middle and 
basal pieces compared to the top pieces (Table 1). In 
general, the population raised from sliced materials 
displayed greater growth reduction compared to those 
raised from whole tuber following irradiation. 

The effect of y irradiation, expressed in terms of leaf 
chimeral frequency, was also greater in the population 
from sliced tubers, the maximum being recorded 
(34.2%) in the population raised from middle and basal 
pieces of irradiated tubers. Screening of mutations also 
revealed that the treated population raised from sliced 
tubers recorded higher frequency of mutations compared 
to the one raised from whole tuber treatment with 1 kR 
y irradiation. Moreover, solid mutants were also more 
in the population raised from slices, and the maximum 
frequency (17.7%) was in the population raised from 
middle and basal pieces of the tuber, while the whole 
tubers as well as pieces produced more chimeral plants 
with various sector sizes. The higher frequency of solid 
mutants in the population raised from slices indicates 
that after slicing, each piece gets a chance to form a 
bud, which otherwise may remain dormant because of 


apical dormance. The development of such a bud with 
the expression of the mutation in the growing tissues 
increases the chance of recovering solid mutants. The 
situation is very different in the population raised from 
whole tubers where the terminal buds become the main 
shoot and the side shoots develop from the preformed 
eye which may carry only a few initial cells. However, 
the mutant cell may not have an equal chance to form a 
sprout along with the unaffected ones. The recovery of 
solid mutants, with lower frequency and the formation 
of chimeral sprouts are mainly due to the above pattern 
of growth and development. Hence the study reveals 
that the mutation frequency can also significantly be 
enhanced in Colocasia (C 9) by irradiating well-developed 
side tuber with 1 kR y-rays and using small slices 
weighing about 4-5 g for planting. 


1. Broertjes, C. and Van Harten, J. M., Application of Mutation 
Breeding Methods in the Improvement of Vegetatively Propagated 
crops. An Interpretive Literature review^ Elsevier Amsterdam, p. 
316. 

2. Vasudevan, K., Magoon, M. L. and Jos, J. S., Indian J. Hort., 
(1968), 25, 66. 

3. Vasudevan, K. and Jos, J. S., Mutat. Breed. News/., 1988, 32, 4. 

4. Vasudevan, K., Jos, J. S. and Unnikrishnan, M,, National 
Symposium on New Trends in Biotechnology, June, 3-4, 1988, 
Trivandrum, p. 35 (Abst.) 
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Serological relationship of rice tungro 
spherical virus and bacilliform virus 
components associated with rice tungro 
disease 

M. D. Mishra, F. R. Niazi and R. K. Jain 

Division of Mycology and Plant Pathology, Indian Agricultural 
Research Institute, New Delhi 110 012, India 

Immunosorbeiit electron microscopy revealed a degree of 
serological relationship between rice tungro spherical 
virus and bacilliform virus indicating the existence of 
some common epitopes on the capsid protein of the two 
particles. 

Etiological studies on rice tungro disease led to the 
discovery of association of two morphologically and 
serologically distinct rice tungro spherical virus (RTSV) 
and bacilliform virus (RTBV)^’^. However, a recent 
publication^ pointed out certain similarities in the 
biological and intrinsic structural properties of these 
two viruses. It was, therefore, considered worthwhile to 
reexamine serological relationship of these particles. 



RTSV particles with and without RTBV particles 
respectively were purified following Mishra et and 
the modified Saito’s procedure^ standardized in this 
laboratory (Niazi et al. unpublished). For preparing the 
antisera separately of RTSV with and without RTBV, 
rabbits were immunized separately with purified 
preparations by three intravenous injections followed 
by two intramuscular injections at weekly intervals. For 
intramuscular injections, antigen was mixed with equal 
volume of Freund’s incomplete adjuvant. Rabbits were 
bled one week after the last injection for obtaining the 
antisera. 

To study the serological relationship, combined 
immunosorbent electron microscopy (ISEM) and deco¬ 
ration technique^ was followed and various combina¬ 
tions of coating, trapping and decoration were tested 
(Table 1). 

The present studies indicate that S + B antibodies 
trapped both S + B antigens in the ratio of 5:3 from 
clarified diseased sap, while S antibodies not only 
trapped S antigens but also B antigens from clarified 
diseased sap and purified preparations of S + B antigens 
in the ratio of 7:1 (Figure la). In further experimenta- 



Figure 1. Transmission electron micrographs of RTV components 
subjected to combined ISEM and decoration tests, a, S + B antigens 
trapped by S antibodies, /ft, S + B antigens’ decoration by S 
antibodies, c, S antigens trapped and decorated by S antibodies. 
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Table 1. Antigen-antibody combinations used for combined ISEM and decoration tests. 


Combi¬ 

nations 

Coating 

(1/320) 

Trapping 

Decoration 

(1/4) 

Electron microscopic observations 

1. 

s 

S 

s 

Trapping and decoration of S 


antibodies 

antigens 

(purified) 

antibodies 

antigens (Figure Ic) 

2. 

S 

S + B 

S + B 

Trapping and decoration of S + B 


antibodies 

antigens (purified and clarified 
diseased sap) (Figure la) 

antibodies 

antigens 

3. 

S + B 

S + B 

S 

Trapping and decoration of S + B 


antibodies 

antigens (clarified diseased sap) 

antibodies 

antigens (Figure 16) 


Antisera titre: S = 1:1024, S + B = 1:1024 (based on tube precipitin test). 


tions of decorating the trapped antigens, S antibodies 
also decorated B antigens besides S antigens (Figure lb). 
A point of interest here is the trapping and decoration 
of B antigens by S antibodies (Table 1), indicating some 
degree of positive serological relationship between the 
two morphologically distinct RTV components. 

Earlier observations of Omura et al} that the 
components of RTV are antigenically distinguishable 
were based on ouchterlony and clumping experiments. 
However, the present findings indicate antigenic 
relationship between the two particles at particulate 
level, probably due to the existence of some common 


epitopes in the capsid protein of these two particles. 


1. Omura, T., Saito, Y., Usugi, T. and Hibino, H., Ann. Phytopath. 
Soc., Jpn., 1983, 49, 73. 

2. Cabauatan, P. Q. and Hibino, H., Plant Dis., 1988, 72, 526. 

3. Jain, R. K. and Mishra, M. D., Curr. Sci., 1989, 58, 457. 

4. Mishra, M. D., Niazi, F. R., Basu, A. N. and Nam Prakash, Indian 
PhytopathoU 1981, 34, 461. 

5. Saito, Y., Trap. Agric. Res. Ser., Jpn., 1977, 10, 129. 

6. Hill, S. A., Methods in Plant Virology, Vol. 1. Blackwell Scientific 
Publications, London, 1984, p. 167. 
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Purification of )S-trypsin by SP- 
Sephadex column chromatography 

Y. S. Rajput and M. N. Gupta 

Chemistry Department, Indian Institute of Technology, 

New Delhi 110016, India 

A method for purification of jS-trypsin from commercial 
trypsin is described. The separation was based on the 
differential retardation of different forms of trypsin by 
SP“Sephadex column, ^-trypsin was identified by SDS- 
gel electrophoresis. 

Trypsin undergoes autolysis in solution and results in a 
number of degraded products. Hence, attempts were 
made to stabilize this enzyme by simple chemical 
modification of amino groups The extent of success 
varied with the type of trypsin used. )3-Trypsin could be 
stabilized when treated with acetimidate whereas a- 
trypsin failed to stabilize^. Commercially available 
preparations of trypsin differ in the content of aggregated 
inert material, a-trypsin and jS-trypsin"^. The most 
commonly used method for separating unautolysed 
form of trypsin, )3-trypsin, from other forms of trypsin is 
that of Schroeder and Shaw"^ using sulphoxy ethyl- 
Sephadex C-50 (SE-Sephadex) column. Since Pharmacia 
Fine Chemicals no longer manufactures SE-Sephadex, 
efforts were made to purify jS-trypsin on sulphoxy 
propyl-Sephadex (SP-Sephadex) column. The results are 
reported in this paper. SP-Sephadex C-50 (40-120 pm) 
from Pharmacia Fine Chemicals, Sweden was used. 


The modified method of Schroeder and Shaw'*’ for 
purification of jS-trypsin is described below. SP-Sephadex 
Column (1.8 x80 cm) was equilibrated with tris-HCl 
buffer (0.01 M, pH 7.0) containing 20 mM Ca^"^ at 5°C. 
Trypsin (Sisco Research Laboratory) was dissolved in 
the above tris-HCl buffer and 10 ml of trypsin solution 
(lOmg/ml) was loaded on the Sephadex column and 
eluted using the same buffer. Fractions of 6.2 ml each at 
a flow rate of 15 ml/h were collected into tubes 
containing 0.25 ml sodium formate (1,25 M, pH 2.9). 
Sodium formate was used to immediately lower the pH 
of the eluted solution thus preventing autolysis of 
trypsin. Fractions (Nos 105-122, Figure 1) were pooled 



Figure 1. Fractionation of commercial trypsin on SP-Sephadex 
column. 
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and precipitated with 70% ammonium sulphate as 
described by Sipos and MerkeP. The precipitated 
trypsin was dissolved in lO""^ M HCl, dialysed against 
10"^ M HCI and then lyophilized. Protein was estimated 
by the method of Lowry et ai^ SDS-PAGE was carried 
out as described by Fairbanks et alJ 

The method of Schroeder and Shaw'*^ for purification 
of j?-trypsin using SE-Sephadex column involves equili¬ 
bration of the column with 0.1 M Tris-HCl, pH 7.1, 
20 mM Ca^'*' and subsequent elution with the same 
buffer. When identical conditions of column equilibration 
and elution were attempted with SP-Sephadex column, 
different forms of trypsin present in commercial trypsm 
were eluted as a single peak corresponding to the 
position of inert trypsin. This indicated that trypsin 
preparation did not retard under such chromatographic 
conditions. As the molarity of tris was reduced, the 
different components of trypsin preparation exhibited 
retardation and the best separation was achieved with 
0.01 M tris. This profile is shown in Figure 1 where 
peak A, B and C correspond to inactive material, a- 
trypsin and j3-trypsin respectively. Identification of 
peaks B and C was made possible by SDS-PAGE 
profile. Since a-trypsin consists of two chains linked by 
disulphide bond, it is expected to show two bands in 
SDS-PAGE (if trypsin sample is treated with P- 
mercaptoethanol before electrophoresis) in contrast to 
)S-trypsin which should emerge as single band. When 
pooled fractions from peak B (No. 88-96) and from 
peak C (No. 105-122) were subjected to SDS-PAGE, it 
exhibited two and one bands respectively (Figure 2). 
This confirmed that peak B and C corresponded to a- 



Figure 2. SDS-PAGE pattern of trypsin; h, diagram of pattern 
in a. Lanes 1 are trypsin from peak B of figure L lanes 2 are trypsin 
from peak C. Faint bands were also seen at indicated arrow position 
when trypsin was loaded in higher amount. 


trypsin and j?-trypsin respectively and j8-trypsin was the 
major component in this lot of commercial trypsin. 
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In vitro packaging system for 
bacteriophage FO DNA 


Mukesh Verma 

Molecular Genetics Laboratory, Howard University Cancer Centre, 
Washington, DC 20060, USA 

A packaging system for bacteriophage FO (host Salmonella 
typhimurium) has been developed using purified compo¬ 
nents, viz. mature FO DNA, FO proheads, the products of 
gene 6 (group 6) and 9 (group 9). The reaction required 
magnesium ions, ATP and polyvinyl alcohol (or poly¬ 
ethylene glycol). The system can use DNAs from other 
Salmonella phages as well (e.g. DNAs from phage P22, 
MB78, KBl and 9NA). Spermidine can enhance the 
packaging reaction but its presence is not indispensable. 
The packaging reaction exhibited a sigmoidal relationship 
with respect to the concentration of ATP with the 
concentration for half^maximal activity about 20/iM. 

Bacteriophage FO (Felix-01) is not a very well 
characterized phage of Salmonella typhimurium^. It 
synthesizes many proteins, basically divided into capsid 
and noncapsid proteins, of which the products of gene 6 
and gene 9, called group 6 and group 9 respectively, are 
required for DNA packaging (unpublished observation 
from this laboratory). These two proteins are noncapsid 
proteins with mol wt of 28,000 (group 6) and 34,000 
(group 9). During head assembly of this phage, DNA is 
packaged into the prohead cavity and this process 
requires magnesium ions, ATP and polyvinyl alcohol 
and the products of gene 6 and 9. To understand 
mechanisms involved in packaging, it is imnortant to 
construct a packaging system composed of defined 
factors. I have developed such a system for Salmonella 
phages. As it is true for other host packaging systems^ 
several host factors are also required for phage 
assembly along with some phage proteins. This report 
describes a defined system for the packaging of FO 
DNA. 
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Phage FO and S. typhimurium strains were obtained 
from K. E. Sanderson, University of Calgary, Canada. 
Their maintenance and growth conditions have been 
described previously^"®. 

DEAE-cellulose (DE-52), ammonium sulphate, phenyl- 
Sepharose CL-4B, Sephadex G-75, ethylene glycol, 
hydroxyl apetite were obtained from Pharmacia Co., 
USA. All other chemicals wefe purchased from Sigma 
Chemicals, USA. 

For preparation of proheads, one litre culture of 
S. typhimurium was grown to 2x10® cells per ml in 
minimal medium^ at 37°C and infected with phage FO 
at a multiplicity of infection of 10. Forty min after 
infection, cells were centrifuged at 5,000 ^ for 10 min at 
4°C and suspended in 10 ml of buffer A (150 mM NaCl, 
15 mM sodium citrate and 2.5 mM EDTA). After the 
addition of lysozyme (freshly made from lyophilized 
enzyme, final concentration 100 pg/ml prepared in 
10 mM Tris-HCl, pH 7.5), the mixture was kept on ice 
for 30 min. Cells were lysed by the addition of 25% 
Triton-X 100 and after 10 min, the lysate was mixed 
with equal volume of 4 M NaCl and stirred for 15 min. 
The suspension was then centrifuged at 10,000^ for 
30 min at 4"'C. The supernatant was collected and 
centrifuged at 80,000 g for 90 min at 4°C. The pellet was 
suspended in buffer B (0.5 M NaCl, 10 mM Tris-HCl, 
pH 7.5, 1 mM magnesium chloride) and washed by two 
cycles of differential centrifugations as described earlier"^. 
Proheads were finally purified by centrifugation through 
a 5“25% sucrose gradient in buffer B at 25,000 ^ for 3 h 
at 4°C. The fractions containing the proheads were 
dialysed against buffer B and centrifuged by high speed 
centrifugation. The concentration of prohead suspen¬ 
sions was determined and represented as phage 
equivalent units per ml, assuming that the protein 
content of the prohead is equal to that of a phage 
particle^. 

Phage DNA was isolated as described by Verma 
et al.^ For packaging a complete reaction mixture 
(50 p\) contained 60 mM Tris-HCl, pH 7.5, 10% 
polyvinyl alcohol, 5 mM magnesium chloride, 1 mM 2- 
mercaptoethanol, 60 mM NaCl, 0.05 mM ATP, 10^ 
phage equivalent of mature phage FO DNA, 5 x 10^ 
proheads, 10 pmol of group 6 and 5 pmol of group 9. 
After 90 min of incubation at 37°C, the reaction was 
terminated by the addition of DNase I (5 jug/ml). The 
suspension was further incubated for 30 min at 3TC 
and filled heads were obtained. The head acceptor 
extract was prepared as described earlier^ and 10 jul of 
head acceptor extract was mixed with 50 pil of filled 
head suspension. After incubation at 37‘"C for 30 min 
phages were assayed on S. typhimurium as described 
earlier^. 

The conditions for in vivo packaging of phage FO 
were the same as described earlier except that the 
concentration of ATP was varied from 2 juM to 


300 juM. Initially the relationship between phage 
production and ATP concentration gives a sigmoidal 
curve whereas the phage production remains constant 
from ATP concentration ranging from 40 ^M to 
150/zM, However, higher concentrations of ATP (i.e. 
higher than 150 pM) have inhibitory effect on the phage 
production. In the absence of ATP packaging does not 
occur. The energy released by hydrolysis of ATP is 
utilized for the movement of DNA into head and the 
requirement of ATP varied for different Salmonella 
phages, viz. FO, MB78, P22, KBl, and 9NA (ref. 9--12) 
and the reason for this variation in the requirement of 
ATP is not fully understood. The concentration of ATP 
for half maximal activity was 20, 15, 25, 25 and 30 pM 
for phages FO, MB78, P22, KBl and 9NA respectively. 
However, a non-hydrolyzable analog, adenosine 5'-0-(3- 
thiotriphosphate) inhibited packaging reaction in all the 
cases. 

Extensive studies with viral specific proteins indicate 
that two noncapsid proteins, group 6 and group 9, 
interact with proheads and DNA at the time of 
packaging (unpublished observations). Along with these 
proteins some other factors are also required for 
packaging and a complete account of these factors is 
given in Table 1. As is clear from Table 1, ATP, 
polyvinyl alcohol and magnesium are essentially 
required for packaging along with DNA, proheads and 
proteins (group 6 and group 9). When all the above 
components are incubated for 90 min at 37''C with head 
acceptor extract (containing tail and tail fibre proteins) 
packaging was observed. The requirement for polyvinyl 
alcohol can be replaced by polyethylene glycol (mol wt 
8000) and like phage T3^ the stimulatory effect of 
polyethylene glycol decreases the molecular weight of 
the polymer. Spermidine is not absolutely required but 


Table 1. Requirements of different components for in vitro 
packaging system. 


Condition 

Phage produc¬ 
tion (PFU/ml) 

Control (complete reaction mixture) 

2x 10’ 

-DNA 

5-10 

— Prohead 

5-10 

-ATP 

1-5 

- Group VP 6 

1-5 

— Group VP 9 

100-150 

— Polyvinyl alcohol 

1-5 

~ Spermidine 

3-5x10’ 

-MgCl2+ lOmM EDTA 

1-2x10’ 

+ 20 /iM ATP-y-S 

3x 10’ 

+ 200pM ATP-y-S 

10-20 

-ATP+ 20 juM ATP-y-S 

1-5 

+ DNase I 

1-5 

(head acceptor extract was added to the reaction 
mixture at the start of DNA packaging reaction) 
- FO DNA + MB78 DNA 

5-7 X10’ 

-F0DNA + P22 DNA 

6 X 10« 

- FO DNA + KBl DNA 

5-6x10’ 

- FO DNA + 9NA DNA 

5-6x10’ 

— 2-Mercaptoethanol+10 mM N-ethylmaleimide 

2-5 X10’ 
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it can stimulate packaging. Unlike the observations 
reported by Serwer et al}^ polyols such as dextran 10, 
sucrose or sorbitol are not stimulatory for FO DNA 
packaging system described by Eamshaw and Casjens^'^ 
required polyamines but the system described here did 
not show a strong requirement for spermidine. Hafner 
et al}^ have reported that T7 and T4 can grow on host 
strains which lack spermidine and putrescine entirely. 

The detailed defined system of in vitro packaging of 
bacteriophage FO DNA (and other Salmonella phages) 
is the first that I know of which can be utilized for 
Salmonella phages in molecular biology studies. I 
believe that the use of this system should work to 
elucidate the molecular mechanism involved in DNA 
packaging. 
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Manuscripts from India for publication in the Journal of Phytopathology 
{Phytopathologische Zeitschrift) should now be communicated to: 

Dr Anupam Varma 

Division of Mycology and Plant Pathology 
Indian Agricultural Research Institute 
New Delhi 110 012. 


TOGETHER TO MARS 

The H. Dudley Wright International Student Contest 

The Planetary Society, Pasadena, USA, will conduct the H. Dudley 
Wright International Student Contest in Washington, DC, in 1992 as 
part of the celebration of the International Space Year. Three 
contestants will represent each paticipating country in the final 
contest. 

The contest in India is open to all high school students born after 
1973. Each school may select, through preliminary competition, not 
more than three contestants, who will then have to register their 
names with the National Coordinator before 12 April 1990. Each 
contestant will select a mentor and prepare a thesis or report on a 
topic related to the theme ‘Together to Mars'. Three judges will 
evaluate the student projects and select the top three students for the 
international competition in Washington. The national winners will 
be provided passage costs for participation in the international 
contest. 

High school students and teachers and others who wish to help 
organize the preliminary and national contests must contact: 

Dr S. Ramananda 
National Coordinator 

Dudley Wright International Student Contest 
Vivekananda Educational Centre 
No. 1 Jayanagar IV Block 
Bangalore 560 011 


DAE-C. V. Raman Lectures 

This new lecture series was established in 1989 with an endowment 
from the Department of Atomic Energy and will be operated by the 
Indian Physics Association in consultation with the Indian Nuclear 
Society. 

I These lectures will be given to undergraduate students in the 
science and professional colleges within the limits of Greater Bombay. 
The aim of the lectures will be to generate excitement in the young 
men and women in the colleges in science and engineering. In the 
spirit of Prof. C. V. Raman’s extraordinary skills in communication, 
the lectures will, in general, include demonstration of experiments. It 
is realized that in some topics this may not be possible and may be 
substituted by video films, computer slide shows, etc. The same 
lecture will, in general, be repeated in at least two colleges. The 
lecturers will be paid an honorarium of Rs 2000 besides travelling and 
halting expenses for the journey performed to deliver the lectures. 

Four DAE”C. V. Raman Lecturers will be selected each year. The 
following were the lecturers selected for the year 1989: 

G. Venkataraman-~‘The Discovery of Raman effect’ 

C. V. Sundaram -‘Rare metals in nuclear metallurgy’ 

Sneh Bhargava ~‘Roentgen rays to magnetic resonance: A saga of 
nine decades of human imaging’ 

J. V. Narlikar -‘Stars as fusion reactors’ 

The colleges in which these lectures were given include Ruparel 
College, St Xavier’s College, Wilson College, SIES College, Victoria 
Jubilee Technical Institute, Sardar Patel College of Engineering, 
G. S. Medical College and the Institute of Science. 
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Island ecosystem conservation 


Andaman, Nicobar and Lakshadweep: 
An Environmental Impact Assessment. 
Cecil J. Saldanha. Oxford & IBH, New 
Delhi. 1989. 


The book is the outcome of extensive 
travelling undertaken by the author 
across the island systems flanking penin¬ 
sular India, under the auspices of the 
Ministry of Environment and Forests, 
Government of India. Such is the 
perceptive field observation of Saldanha, 
accompanied by conscientious apprecia¬ 
tion of related literature, that the final 
outcome is an almost effortless render¬ 
ing of a meaningful excursion account. 
The drawing-room quality multicoloured 
photographs further contribute to easy 
reading of the serious material presented 
in this 114-page report. 

The first part of the report deals with 
the Andaman and Nicobar islands, 
some 350 pieces of land, amounting to 
8249 square kilometres, scattered in the 
Bay of Bengal between 6° 45' N and 
13°4rN latitudes. Heavy round-the- 
year rainfall and tropical warmth make 
it an obvious candidate for rich green 
forest cover, both on the hills and along 
the 2000-km-long coastline. No nature- 
lover can possibly underestimate the 
enchanting beauty of bountiful nature 
on the islands. The underlying fact of 
poor soils cannot, however, escape a 
knowledgeable one, who starts worrying 
about the future of this nature under 
forces of exploitation for short-term 
benefits. Removal of multistoreyed 
forest cover would subject the land to 
erosion by heavy rainfall and since most 
of the nutrients in the tropical rain 
forests are held in the biomass rather 
than in the soil, there will be no 
possibility of the forest getting re¬ 
established. Figures of decennial in¬ 
creases in human population, especially 
from 1961, are alarming, since one is 
aware that these figures represent sett¬ 
lers from the mainland and not the local 
negrito tribes, which are facing extinc¬ 
tion in the near future. Figures and 
pictures of timber harvesting also con¬ 
firm the concern about the future of 
green cover on. the islands. 

Importance of the forest cover need 
not be overemphasized, since documen¬ 


tary evidence, in the form of research 
papers, indicates that the islands har¬ 
bour 206 rare and endemic plants, and 
487 animal species, including 95 bird 
species that do not occur anywhere else 
in the world. According to botanists, 
136 plant taxa on the islands are rare 
and fall in the ‘endangered’ category. 
The author also brings out the fact that 
an abundant, renewable natural resource 
in the form of fishes is underexploited 
beyond belief. Against an estimated 
50,000 to 474,000 tonnes of fish, the 
1986 fish catch amounted to a paltry 
10,638 tonnes. 

The dangers of opening selected 
islands in the chain to tourism and free- 
port commercial activity have been 
effectively brought out, through dia¬ 
grams of tourism linkages. In this era of 
rapidly deteriorating environments of 
several tourist resorts, from Maha- 
baleshwar to Darjeeling and Srinagar to 
Kodaikanal, every nature-loving person 
would be anxious to know how the 
government implements the recommen¬ 
dations of the author for encouraging 
only genuine nature-loving tourists. 

The second part of the report deals, 
in identical fashion, with the 36 Laksha¬ 
dweep islands, measuring 32 square 
kilometres, off the coast of Kerala in the 
Arabian Sea. Mostly flat, and with little 
natural vegetation and high human 
population, these coral islands represent 
a fragile ecosystem. Unlike in the 
Andaman and Nicobar islands, conser¬ 
vation of tribes may not be a problem 
here, but the stability of low, flat islands 
with reefs and lagoons suffers from 
common concern for fresh water and 
agricultural produce. 

Saldanha’s recommendations for an 
environmentally sound development 
strategy for these islands, fall in three 
groups: (i) reduction in the accent on 
harvesting land resources, (ii) encourage¬ 
ment for nurturing marine resources, 
and (iii) selective tourism promotion. 
Definitive steps for conservation of the 
unique and rich island ecosystems are 
called for. 

The third part of the report includes 
judiciously selected, highly informative 
research findings of six eminent scien¬ 
tists, who have long experience of 
working on the islands. These help in 
thinking about conservation of island 


ecosystems along the right lines. 

The reproduction of the photographs 
does justice to the originals, which I had 
the good fortune to see before the 
report was in press. The efforts put in 
by everyone involved in preparation of 
the report will be justified if necessary 
steps are taken by decision-makers at 
the highest level for conservation of the 
islands while planning for development 
in the immediate future. 

S. B. Chaphekar 

Salim AH School of Ecology 
Pondicherry University 
Pondicherry 605 001 


Glimpses of a rare 
gem 


C. V. Raman—A Memoir. A. Jayaraman. 
Affiliated East-West Press Private Ltd, 
New Delhi. 1989. xiii4- 214 pp. HC 
Rs 125, Pbk Rs 80. 


The year 1988 was the centenary year of 
the birth of Chandrasekhara Venkata 
Raman, and also the diamond jubilee 
year of the discovery of the Raman 
effect. Two distinguished Indian physi¬ 
cists now settled in the US, who had 
had their early research training under 
Raman, travelled to India to participate 
in the centenary celebrations organized 
by the Indian Association for the Culti¬ 
vation of Science with the Indian Natio¬ 
nal Science Academy and the Indian 
Academy of Sciences in the first week of 
November 1988 in Calcutta, They also 
went around visiting various institutions, 
speaking delightfully about the life and 
work of Raman. I refer to A. Jayaraman 
(of AT&T Bell Laboratories) and A. K. 
Ramdas (of the Department of Physics, 
Purdue University). Prior to this, the 
two of them had jointly written a 
brilliant and comprehensive essay on 
Raman and his scientific work, which 
was published in the August 1988 issue 
of the US journal Physics Today, After 
returning to the US, Jayaraman com¬ 
pleted the present short biography. It is 
in the form of a memoir, and the book 
includes a sensitively written Foreword 
by Ramdas. 
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Jayaraman had joined Raman as a 
research student and associate at a cru¬ 
cial point in the lives of both. Raman 
had just then retired from the Indian 
Institute of Science (IISc), Bangalore, 
and was in the process of setting up his 
own institute, the Raman Research 
Institute (RRI), a short distance away 
from IISc on the same road. Jayaraman 
was looking for a proper opening for a 
career in science and was delighted 
when Raman agreed to take him. The 
two worked closely together during the 
years 1949 to 1960, This was the period 
when the buildings of RRI were con¬ 
structed, the laboratories progressively 
equipped, and the famous museums 
set up to display Raman’s exquisite 
collection of diamonds, gemstones and 
minerals with painstaking attention to 
every significant, aesthetic detail. This 
was also the period when Jayaraman 
completed his doctoral work. In the 
joyous recollection of the very colourful 
aspects of Raman’s multifaceted persona¬ 
lity, which the author had the opportu¬ 
nity and privilege to observe and savour 
at close quarters, it is also clear that 
Jayaraman has written the memoir as a 
very personal and profoundly admira- 
tional tribute to Raman and to record 
his deep indebtedness to his guru. 

Even though Raman lived in our 
times, the many fascinating and astound¬ 
ing details of his life and work that are 
well known to us—his precocious and 
brilliant academic career; how he wrote 
his first scientific paper even when he 
was still a college student; the circum¬ 
stances in which he discovered the 
Indian Association for the Cultivation 
of Science in Calcutta when he was well 
settled in the Indian Financial Service 
and how spontaneously he responded to 
the call of science; how he was intrigued 
by the deep blue of the Mediterranean 
Sea, which led him to the study of light 
scattering by transparent liquids; the 
intensity with which he and his students 
pursued this inquiry during the Calcutta 
days, setting up very careful and 
extensive experiments which led to the 
triumph of the discovery of the Raman 
effect (1928) and the award of the Nobel 
Prize (1930); the turbulent period at the 
Indian Institute of Science (1932-48); 
another fresh start, in the character of a 
third odyssey, in the founding of his 
own institute (1949-70)—^when seen 
altogether, have already the flavour and 
romance of a legend. 


It is appropriate to mention here that 
in order to mark the Raman centenary, 
the Indian Academy of Sciences and the 
Indian National Science Academy had 
requested another distinguished Indian 
physicist, G. Venkataraman, to write a 
definitive biography of Raman. This 
book was released at the celebration in 
Calcutta in November 1988. Though 
Venkataraman had no personal associa¬ 
tion whatsoever with Raman, he brought 
great energy, dedication, insight and 
purpose to his assignment, with the 
result that his magnum opus^ Journey 
into Light—Life and Science of C. V. 
Raman, a large volume of 570 pages of 



Raman with Nehru and Hanumanthayya, 
Chief Minister of the erstwhile Mysore state 
{circa 1957). Later, an unfortunate falling out 
with Nehru. [Photo taken from the book. Courtesy: 
Affiliated East-West Press.] 

close print, is a magnificent survey and 
narration of compelling beauty, not 
only presenting, side by side, the story 
of Raman’s life and the significance of 
Raman’s contributions as scientist, 
leader, institution builder, communi¬ 
cator and campaigner for science, but 
also reviewing in a unique way the 
history of science in India during the 
Raman era. Obviously Jayaraman has 
not attempted anything so vast or 
ambitious in his treatment of the 
subject. It is more in the nature of a 
personal offering, a Sangraha Ramayana. 
All the same, the core of the book, 
deriving from the period of direct 


association and close observation, has 
the authenticity that provides valuable 
insights not only into the endearing and 
admirable aspects of Raman’s life and 
personality, but even more into those 
aspects not so easily understood. 

The most interesting and revealing 
portions of the book are the incidents, 
anecdotes and accounts of Raman’s 
relations and interactions with his 
students and professional colleagues, 
and his meetings, arguments and 
encounters with leading personalities 
in international science and in the 
public life of the country. In fact, 
following the chronological narration in 
the first two chapters, which, cover the 
entire period, chapter three is com¬ 
pletely devoted to ‘visitors, associates 
and others’. In the selection and pre¬ 
sentation of the material in this 
chapter—as in the rest of the book— 
Jayaraman appears to have been guided 
mainly by the vast human appeal of the 
various and diverse elements of the 
story. And in this, except for the 
essential requirements of context and 
linkage, Jayaraman has charmingly kept 
his own personality in the background, 
with the result that the book as a whole 
is very readable and rewarding. Life, 
both professional and personal, was one 
continuum of excitement—boundless 
in beauty, wonder and curiosity—for 
Raman, and this excitement he com¬ 
municated unmistakably and most 
eloquently and effectively to everyone 
around him. This message comes out 
clearly in Jayaraman’s memoir. 

The uses of the Raman effect, both in 
basic and applied research, have grown 
and multiplied with time, and entirely 
new possibilities emerged with the 
discovery of the laser. Jayaraman himself 
has been using modern laser Raman 
spectrometers in materials research at 
high pressures. But sixty years after the 
original discovery, how well do we 
comprehend or how completely can we 
capture the rare quality of Raman’s 
achievement, the single-minded concen¬ 
tration with which he inspired his students 
to set up a sequence of experiments 
that clearly led up to the final result? 
In fhis context, the assessment of the 
importance and significance of Raman’s 
contribution at that point in time, by 
C. J. Davisson in his article that appeared 
in the Bell Laboratories Record in 
1931—^which Jayaraman has reproduced 
in full in chapter five—is a glowing 
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tribute, remarkable for its spontaneity, 
from a peer in the profession. 

Does Jayaraman refer to the contro¬ 
versies that Raman got involved in the 
course of his scientific work? He has not 
avoided them, even in the brief compass 
of his book. In regard to the contro¬ 
versy between Raman and Max Born, in 
the area of lattice dynamics, it is 
interesting that Born has linked the 
unreasonableness and bitterness of 
Raman’s stand and attitudes to some of 
the unfortunate happenings during 
Born’s visit to India and sojourn at the 
Indian Institute of Science in 1935. Was 
there an element of providence in the 
use of the mercury arc, on a rainy day, 
that contributed to the discovery of the 
Raman effect? There is a passing 
reference to this, in the section relating 
to K. R. Ramanathan. Elsewhere in the 
same chapter Jayaraman has rightly 
emphasized that to suggest anything by 
way of detraction from Raman’s singu¬ 
lar and ‘monumental contribution to 


science’ ‘sounds so sad and utterly futile’. 

There is a dictum in Sanskrit which 
states: ‘One may speak out the truth 
only when it is pleasant. One may never 
give expression to an unpleasant truth.’ 
It is a dictum that Raman did not 
practise. In his perception of adherence 
to truth, he never thought it proper to 
conceal his mind or his ‘true’ feelings, he 
never considered prudence as the better 
part of valour. From the beginning till 
the end, there was a charming innocence, 
a forthright purity of character, un¬ 
touched by worldly norms—no guise, 
no guile. As Jayaraman puts it, ‘He was 
a very simple man, quite childlike, some¬ 
times even childish!’ C. Rajagopalachari 
had once observed: ‘Raman is like a 
brilliant cut diamond. If you rub it on 
the wrong side, it will cut your finger.’ 

Coming back to the enduring quality 
of Raman’s work, and the brilliance and 
charm of his energetic and magnetic 
personality, which endeared him to many 
and provided strong inspiration and gui¬ 


dance to all his professional colleagues, 
it is apt to conclude, again in the words 
of Jayaraman: ‘No single person has 
done so much for Indian science as 
Raman. Through personal example of 
the highest dedication to science, through 
his success as a teacher-cum-leader in 
training generations of physicists, who 
in turn have created independent schools 
of research, through creating scientific 
institutions and facilities for research 
and founding scientific academies and 
journals for the dissemination and propa¬ 
gation of science, and through his gift of 
eloquence which served to inspire and 
stimulate a widespread interest in sci¬ 
ence, Raman, as a single individual, 
tremendously influenced the progress of 
science in India. Raman is comparable 
only to Raman.’ 

C. V. SUNDARAM 
A23 A Block, Ragamalika Apts 
Jeevaratnamnagar, Adayar 
Madras 600 020 


Bookshelf 

Books that appear to be of interest to a wide readership will be listed in this column. — Ed. 


Harvard University Press, 79 Garden Street, 
Cambridge, MA 02138, USA 

A DICTIONARY OF ETHOLOGY 

Klaus Immelmann and Colin Beer 

This important dictionary provides concise 
definitions of historical, enduring and current 
ethological terms. Additionally, the authors 
devote attention to terms from related 
disciplines, particularly evolutionary biology, 
physiology, ecology, and sociobiology are 
included. 

$35.00 

FOR THE LOVE OF ENZYMES: The 
Odyssey of a Biochemist 
Arthur Kornherg 

One of the world’s greatest biologists retraces 
his major research campaigns in enzymology. 
In the telling, Romberg’s story offers both a 
primer on how important science is done and 
a captivating look at some of the century’s 
most significant challenges in biochemistry. 
$29.95 

GENETHICS: The Clash between the New 
Genetics and Human Values 

David Suzuki and Peter Knudtson 
$25.00 


THE ORIGINS OF IGNEOUS ROCKS 

Paul C. Hess 

This comprehensive work traces the evolu¬ 
tion of igneous rocks from site of origin to 
place and residency; probes the clues that the 
distribution of igneous rocks provide for 
understanding plate tectonics and focuses on 
a number of unresolved problems critical to 
igneous petrology. 

$65.00 

COSMIC RAYS 

Michael W. Friedlander 

Engaging talc of this peculiar rain of charged 
particles begins with their discovery early in 
this century and goes on to describe 
impressive attempts by scientists to fill in the 
gaps in our knowledge. 

$27.50 

THE STRUCTURE AND INTERPRETA¬ 
TION OF QUANTUM MECHANICS 
R. /. G. Hughes 

The book provides an account of the 
philosophical foundations of quantum theory 
that should become a basic text for scientists 
and non-scientists alike. It offers the first 
detailed and accessible analysis of the Hilbert- 


space models used in quantum theory and 
explains why they are so successful. 

$.39.50 

THE DARK ABYSS OF TIME: The His¬ 
tory of the Earth and the History of Nations 
from Hooke to Vico, by Paolo Rossi 
Translated by Lydia G. Cochrane 

‘'Rossi has made a major foray into a vast 
and unexplored territory in the literature of 
early modern science, pointing a way that 
others will want to follow.”—James A. 
Secord, Nature 
Pbk $14.95 

A HANDBOOK OF BIOLOGICAL ILLUS¬ 
TRATION, Second Edition 
Frances W. Zweifel 

Full of practical advice and examples of 
materials and techniques for biologists who 
must create their own illustrations. 

Pbk $9.95 

KEPLER’S GEOMETRICAL COSMO¬ 
LOGY 
J. V. Field 

A detailed examination of Kepler’s search for 
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the geometrical plan according to which the 
universe was created. 

Cloth $37.50 

DISCOVERING ALVAREZ: Selected 
Works of Luis W. Alvarez with Commentary 
by His Students and Colleagues. 

Edited by W. Peter Trower 

“A splendid book .... These commentaries 
not only make clear what Alvarez’s contribu¬ 
tions .. . have been, especially in basic ideas, 
'but they also show the admiration and 
affection with which he is regarded.”—Robert 
L. Walker, Science. 

Hbk $37.50 


The University of Chicago Press, 5801 South 
Ellis Avenue, Chicago, IL 60637, USA 

SIDEREUS NUNCIUS, OR THE SIDE- 
REAL MESSENGER by Galileo Galilei 
Translated with Introduction, Conclusion, 
and Notes by Albert Van Helden 

The first modem, complete translation of 
Galileo’s Sidereus Nuncius. Van Helden 
places Galileo’s ingenious improvements of 
the rudimentary spyglass and his dramatic 
astronomical discoveries in political, techni¬ 
cal, religious, and intellectual context and 
provides helpful references and explanations 
of terms. 

Pbk $7.95 

THE PHYSICS OF TIME REVERSAL 

Robert G. Sachs 

“Time reversal is a topic of great and 
continuing interest and is the subject of this 
excellent monograph.... It necessarily deals 
also with the other symmetries, C and P, 
linked to it through the CPT theorem and 
with that theorem itself, and with a wide 
range of themes in nuclear and particle 
physics, and, more.”—Sam Treiman, Amer¬ 
ican Journal of Physics. 

Pbk $23.00 

LIGHT 

Michael 1. Sobel 

Rainbows and exploding stars, ancient Greek 
optics and twentieth-century lasers—these 
are but a few facets of this entertaining 
exploration of light and its role in all areas of 
science and technology. 

“As a guide along the path of light Mr 
Sobel is excellent”—blames Cornell, New York 
Times Book Review. 

Pbk $ 14.95 


THE RISE OF THE WAVE THEORY OF 
LIGHT: Optical Theory and Experiment in 
the Early Nineteenth Century 

Jed Z. Buchwald 

Buchwald revises standard interpretations of 
the rise of the wave theory, contending that a 
historical distinction exists between the wave 
theory’s physical and mathematical, aspects. 
Pbk $24.95 


SELECTED PAPERS 
S. Chandrasekhar 

Volume 1, Stellar Structure and Stellar 
Atmospheres 

Volume 2, Radioactive Transfer and Negative 
Ion of Hydrogen 
Foreword by T. W. Mullikin 

The first two of six volumes collecting 
significant papers of the distinguished astro¬ 
physicist and Nobel Laureate S. Chandra¬ 
sekhar, who has chosen papers that trace the 
development of his ideas and that supple¬ 
ment the work summarized in his earlier 
books. 

Pbk $29.95 

TRUTH AND BEAUTY: Aesthetics and 
Motivations in Science 

S. Chandrasekhar 

Seven essays of the distinguished astrophysi¬ 
cist S. Chandrasekhar, who addresses aes¬ 
thetics, creativity, and motivations in the 
pursuit of science. 

Hbk $23.95 


The Cornell University Press, 124 Roberts 
Place, Ithaca, NY 14850, USA 

THE SEA AND THE ICE: A Naturalist in 
Antarctica 

Louis J. Halle 

With a new Foreword by Frank H. T. 
Rhodes 

‘A voyage to the Antarctic by a naturalist 
who writes a consistently graceful and witty 
prose.... A thoroughly pleasurable book’— 
New York Times Book Review. 

$ 12,95 


University of California Press, 2120 Berkeley 
Way, Berkeley, CA 94720, USA 

DISENCHANTED NIGHT: THE INDUS¬ 
TRIALIZATION OF LIGHT IN THE 
19TH CENTURY 

Wolfgang Schivelbusch 

Turning the night to day was the goal of 
many a 19th-century dreamer in love with 
the possibilities of illumination. Wolfgang 
Schivelbusch examines the impact of artificial 
light and the movement away from the flame 
as its main source. Schivelbusch discusses the 
implications of lighting on city life, bourgeois 
culture, and entertainment. The transition 
from the traditional fire, with all of its deep 
subconscious meanings, to other forms of 
artificial light changed the way society 
viewed the world. 

$22.50 


Chapman and Hall, 37 Essex Street, London 
WC2, UK 

DID DARWIN GET IT RIGHT? ESSAYS 
ON GAMES, SEX AND EVOLUTION 
John Maynard Smith 

John Maynard Smith addresses many basic 


questions about life and science. This collec¬ 
tion of short essays is meant for general 
readership—the aim being to make compli¬ 
cated issues more accessible and comprehen¬ 
sible to everyone. He discusses such topics as 
the nature of reproduction, how the brain 
works, the evolution of social behaviour, and 
evolutionary biology. 

$22.95 


Norton, 500 fifth Ave, New York 10110, USA 

IDEAS AND INFORMATION: MANAG¬ 
ING IN A HIGH-TECH WORLD 
Arno Penzias 

Nobel Prize winner Arno Penzias thinks the 
world can be a better place if we can learn to 
harness the technology around us. It is an 
attempt to demystify computer technology. 
Penzias breaks down the worries that some 
have with (seemingly) overwhelming techno¬ 
logical advances into simply stated questions. 
The answers to these questions form the 
basis for Penzias’s belief that the computer 
cannot replace people in any ‘meaningful’ 
way; the computer can free humans from the 
more mundane tasks, leaving them to tackle 
bigger, more important problems. 

$ 17.95 


Indian Academy of SIciences, C. V. Raman 
Avenue, P.B. No. 8005, Bangalore 560 080, 
India 

Distributed by Oxford University Press 

JOURNEY INTO LIGHT: LIFE AND 
SCIENCE OF C V. RAMAN 
G. Venkataraman 

“An extremely balanced biography.”—M. 
Krishnamurthi, The Hindu 

“The life and science of C. V. Raman have 
found their chronicler.”—R. Nityananda, 
Deccan Herald 

“A model of scientific biography. Discusses 
matters in great detail and with sensitivity.” 
—M. V. Berry, Nature 

“Stands out for providing insight into the 
evolution of a natural philosopher and 
scientist.”—K. G. Ramanathan, Science 

“Excellent explanations of the physics of 
Raman’s work.”— Scientific American 

“Readers will be fascinated by the strengths 
and weaknesses of a great man and will gain 
an abiding affection for India.”—David 
Buckingham, Physics World 

“Powerfully illuminates scientific politics in 
the last days of British India and one man’s 
heroic efforts to live by science alone.”—Colin 
Russell, The Times Higher Education Supple¬ 
ment 

“Will inspire young readers with its portrayal 
of Raman’s strong passion for science and 
the way he pursued it in the face of great 
odds. Will satisfy historians of science with 
its careful exposition of scientific ideas and 
its lively descriptions of contemporary social 
and political events. Will please practising 
scientists with its record of a master at 
work.”—A. K. Ramdas, Physics Today 
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Benjamin Peary Pal 

An obituary by M. S. Swaminathan 



Benjamin Peary Pal 
(1906-^1989) 


The passing away of B. P Pal on 14 
September 1989, in New Delhi, marks 
the end of one of the brightest chapters 
in the history of Indian science in 
general and Indian agricultural science 
in particular. Pal was a scientist with an 
unusual combination of characteristics— 
depth in the discipline of genetics and 
plant breeding, width in his grasp of the 
critical issues in Indian agriculture, 
courtesy and compassion in his personal 
behaviour, a sense of beauty and 
harmony with nature, absence of any 
feeling of ‘retrospective jealousy’ in 
dealing with fellow scientists, and, above 
all, an inimitable store of wit and 
remarkable wisdom. His interests were 
wide and varied. He was a Sunday 
painter of rare distinction and a lover of 
classical music, both Indian and Wes¬ 
tern. In short, he was truly the ‘Homi 
Bhabha’ of Indian agriculture. 

Pal was born on 26 May 1906 at 
Mukandpur in Punjab and had his 
early education in Rangoon. After 
obtaining an MSc in Botany in 1929, he 
proceeded to Cambridge, UK, where he 
obtained a PhD in 1933. His PhD thesis 
work, carried out under the guidance of 
Sir Roland Biffen and Sir Frank En- 


gledow, is still a classic, since if was one 
of the earliest studies on the potential 
for exploitation of hybrid vigour in 
wheat, a self-pollinated crop. He joined 
the staff of the Indian (then Imperial) 
Agricultural Research Institute (lARI), in 
Pusa, Bihar, in 1933, and became 
Imperial Economic Botanist in 1937. He 
moved to New Delhi when the Institute 
was moved there in 1936 because of the 
damage to the original Institute build¬ 
ings in Pusa during the severe Bihar 
earthquake of 1934. 

Pal’s contributions can be broadly 
classified into five major categories— 
research, education, extension, institu¬ 
tion building and international coopera¬ 
tion. In each of these areas his work was 
marked by a tireless striving for rele¬ 
vance and excellence. 

In the field of research, his well- 
known work relates to the breeding of 
wheat varieties with multiple resistance 
to diseases like stem, leaf and stripe 
rusts and loose smut. In later years, 
when he became a research administra¬ 
tor, he continued his personal breeding 
work in roses and bougainvillaeas. 
Because he understood the significance of 


biological diversity for the achievement 
of sustainable advances in biological 
productivity, he initiated a systematic 
search for new genes. This work led to 
the establishment of the Plant Introduc¬ 
tion Division at lARI and subsequently 
to the organization of the National 
Bureau of Plant Genetic Resources by 
the Indian Council of Agricultural 
Research (ICAR). He also started well- 
planned breeding efforts in many crops, 
including potato, tomato and tobacco, 
introduced statistical methods in selec¬ 
tion procedures, and developed symbio¬ 
tic partnerships with eminent plant 
pathologists like the late K. C. Mehta of 
Agra University. 

In education, Pal’s signal service has 
been the establishment of the Post¬ 
graduate School at lARI in 1958. 
Realizing that India would need vast 
numbers of PhD scholars to provide 
well-trained staff for our agricultural 
^universities, Pal organized the lARI 
Postgraduate School, which was con¬ 
ferred the status of a deemed university 
by the University Grants Commission 
in 1958. The lARI Postgraduate School 
has so far provided to the country 
about 4000 PhD and MSc scholars and 
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has made going abroad for PhD work 
unnecessary. 

Pal’s conviction, that, without out¬ 
standing basic research, advances in 
applied research cannot be sustained for 
long, led to his establishing at lARI the 
School of Fundamental Genetics. At the 
same time he developed institutional 
structures such as the All-India Coordi¬ 
nated Research Projects for fostering 
multidisciplinary, multi-institutional and 
problem-solving applied research. His 
tenure as director of lARI was marked 
by a considerable strengthening of all 
the three major roles of the Institute— 
research, education and extension. 

In 1965 he became the first director- 
general of the reorganized ICAR. The 
period 1965-72, when he was director- 
general of ICAR, marked a new era in 
Indian agriculture. High-yielding varie¬ 
ties of wheat, rice, maize, sorghum and 
pearl millet became available for wide¬ 
spread cultivation. Research in the areas 
of animal husbandry and fisheries was 
strengthened through the organization 
of several All-India Coordinated Re¬ 
search Projects. Agricultural universities 
were established in nearly all states. 
International cooperation was strength¬ 
ened, particularly with the institutes 
working on maize and wheat research in 
Mexico and on rice in the Philippines. 
Above all, Pal helped to raise the status 
of Indian agricultural science both 
within and outside the country. 

Pal will always be remembered for his 
contributions in achieving harmony 
between form and function in our 
research structures. The coordinated 
project was a device that helped over¬ 
come dividing walls created by admini¬ 
strative structures and scientific disci¬ 
plines. He stressed that solving a field 
problem rather than worshipping a 
discipline should be the motto of 
applied research workers. While deve¬ 
loping the lARI Postgraduate School, 
he introduced the course-credit and 
trimester system of curriculum organi¬ 
zation, since he was convinced that it is 


only this pattern that can help a young 
scholar overcome the handicaps arising 
from the rigidity in choice of subjects in 
his or her early educational background. 
Pafs interest in institution building 
extended to scientific societies. He was 
the founder of the Indian Society of 
Genetics and Plant Breeding and several 
other societies. 

With the conviction that farmers are 
the ultimate judges of the /alue of 
applied research, he built systematic 
bridges between laboratory and field. 
He strengthened the social science 
departments at both lARI and ICAR 
and initiated a rural transformation 
project in Delhi. During his tenure as 
director-general of ICAR, the extension 
capacity, of the research institutes in the 
fields of animal husbandry and fisheries 
was greatly strengthened. In fact, the 
reorganized ICAR developed by Pal 
became the model for similar organiza¬ 
tions in many developing countries, 
such as Pakistan, Bangladesh, the Philip¬ 
pines and Nigeria. 

After retirement from ICAR in 1972, 
Pal gave his time to the cause of envi¬ 
ronmental protection. He became the 
first chairperson of the National Com¬ 
mittee on Environmental Protection 
and Coordination. He helped organize 
the Bougainvillaea and Rose Societies of 
India, Along with the late M. S. 
Randhawa he organized the Rose Gar¬ 
den of Chandigarh. His home was open 
to all and he became a friend, philo¬ 
sopher and guide to both young and old 
research workers. 

In the international arena, Pal was a 
trustee of several international agricul¬ 
tural research institutes and gave his 
time to helping many developing coun¬ 
tries strengthen their national research 
capability. The scientific respect he 
commanded is evident from his election 
not only as fellow of the Royal Society 
of London but also of the science acade¬ 
mies of France, Japan and the USSR, 
and of the Third World Academy of 
Sciences. 


Pal was elected fellow of all the 
science academies in India and served as 
president of the Indian National Science 
Academy during 1975-76. He was 
general president of the Indian Science 
Congress in 1970- 71 and was honoured 
with most of the prestigious scientific 
and public awards made to scientists in 
India. The president of India conferred 
on him the Padma Vibhushan in 1987. 
None of these honours affected Pal the 
human being in any way. Throughout 
his life, he remained the same person I 
had first met in 1947 when I joined 
lARI as a postgraduate student—gentle, 
kind, encouraging and enormously 
knowledgeable. 

His attachment to lARl was total. In 
later life, he would never refuse any 
invitation from the students or staff of 
lARI to attend functions in the institute 
and share his wit and wisdom. Till his 
dying day, he tended with love and care 
a rose garden in lARl, where he did his 
experiments in rose breeding. Many of 
the exquisite roses he bred he also 
named after well-known Indians, includ¬ 
ing Homi Bhabha and C. V. Raman. No 
wonder that in his will he donated all 
his worldly possessions to lARI. His 
philosophy seems to have been 1 got ail 
my personal and professional happiness 
and fame from lARl and I must give 
hack to the institute whatever I have’. 
He was a truly remarkable person, the 
like of whom we may not sec again. His 
life is his message and the only tribute 
one can pay to such a great scientist 
and humanist is to try to emulate the 
fundamental message of his life-devo¬ 
tion to science, harnessing its tools for 
human happiness, harmony with nature, 
and helpfulness to fellow human beings. 


M. S. Swaminathan is Honorary Director, 
Centre for Research on Sustainable 
Agriculture and Rural Development, 11 
Rathna Nagar, Teynampet, Madras 
600 018. 
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Chandrasekhar unlimited 

Beginning on page 284 is N. Mukunda’s 
scholarly review of the book Truth and 
Beauty: Aesthetics and Motivations in 
Science by S. Chandrasekhar. (The 
review is reprinted here from the 
Journal of Genetics.) Chandrasekhar is 
often described as ‘the most distin¬ 
guished astrophysicist of his time’. One 
lecture in this remarkable volume is of 
special interest to us as it was first 
published in this journal (Curr. ScL, 54, 
1-9, 1985). The then president of the 
Indian Academy of Sciences invited 
Chandrasekhar, a founder fellow of the 
Academy, to deliver the inaugural lec¬ 
ture at its golden jubilee celebrations. 
(Chandrasekhar was just 23 years old 
when the Indian Academy of Sciences 
was founded in 1934.) We flatter our¬ 
selves in thinking that he wrote this 
lecture, ‘The pursuit of science: its 
motivations’, just for this occasion. 
However, we know that behind this 
composition was a lifetime of thought 
based on his personal experience. He 
once said: ‘I work for my own personal 
satisfaction on things generally outside 
of the scientific mainstream. Usually my 
work becomes appreciated only after 
some length of time.’ 

Chandrasekhar came with his wife 
Lalitha to India in late October 1984 to 
deliver this lecture. A symposium on 
‘Supernova and its remnants’ was taking 
place at the Raman Research Institute 
as a prelude to the golden jubilee 
celebrations. On 31 October Indira 
Gandhi was assassinated. In view of this 
national tragedy, it was considered 
impossible to hold the celebrations, 
which were to begin on 7 November. 
Chandrasekhar was told that the Indian 
Academy of Sciences did not have 
sufficient funds to pay for his fare in 
February 1985 when the celebrations 
were rescheduled to take place, and that 
his lecture would still be the inaugural 
lecture but would have to be read by 
someone. But he most graciously offered 
to come back on his own. Incidentally, 
Lalitha and he presented a copy of the 
bust of Ramanujan to the Academy 
(which Richard Askey and he had 
arranged to be made by the reputed 
sculptor Paul Granlund). All this indi¬ 
cated the regard and affection he holds 
for the Academy. 

To many of us who pursue science, 
the last paragraph of this lecture is of 
some interest: 

The pursuit of science has often been 

compared to the scaling of mountains, 


In this issue 

high and not so high. But who' 
amongst us can hope, even in imagi¬ 
nation, to scale the Everest and reach 
its summit when the sky is blue and 
the air is still, and in the stillness of 
the air survey the entire Himalayan 
range in the dazzling white of the 
snow stretching to infinity? None of 
us can hope for a comparable vision 
of nature and of the universe around 
us. But there is nothing mean or lowly 
in standing in the valley below and 
awaiting the sun to rise over Kinchin- 
junga. 

Yes, he has great humility when he 
approaches nature: ‘I think one could 
say that a certain modesty towards 
understanding nature is a precondition 
to the continued pursuit of science.’ But 
those who are familiar with the picture 
he presented to the public—a gaunt 
aloofness that almost suggests a streak 
of arrogance—would never believe this. 
Nor would they know what a great 
raconteur he is; what ‘fun’ he radiated, 
keeping his private audiences rolling 
with laughter, himself also enjoying 
every story told to him. That is why we 
reproduce along with Mukunda’s article 
a rare but exceptional photograph of 
Chandrasekhar taken by G. Srinivasan 
of the Raman Research Institute. It 
shows a face that the public has rarely 
seen. 

The persuasiveness of a pursuit 

Philip Morrison is one of the sharpest 
scientific intellects of recent times. He is 
a great friend of India and comes often 
here and delivers^many lectures to vast 
audiences on various topics. His lectures 
are conversational, almost informal chats 
with his audiences. To him, it is often 
more important to convey the spirit of 
science rather than science itself. His 
lectures, therefore, sometimes seem to 
go off at a tangent. Often these detours 
are as important as the topic itself. In 
one such didactic detour he says: ‘The 
method of science is not authority but 
evidence, evidence from experience, evi¬ 
dence from argument, evidence from 
mathematics. . . . Not simply Bohr 
thought this, and Einstein thought this. 
I have nothing against them, these are 
great men. . . we must study them but 
weigh their sayings.’ 

Beginning on page 253 is a tran¬ 
script of a tape recording of a lecture 
given by Phil Morrison at the National 
Physical Laboratory, New Delhi, on the 
search for intelligent life beyond our 
planet. He asks the question, ‘In this 
vast universe are we alone as self¬ 


conscious beings, or have we counter¬ 
parts, . . .somewhere else among the 
stars?’ He considers the question as of 
such manifest intrinsic interest that one 
does not have to justify it. Step by step, 
by fascinating and cogent arguments, he 
convinces us that we may not be alone— 
indeed, we cannot be alone! He tells us 
of the report in October 1988 of the 
‘probable’ discovery of planets around 
distant stars. He then gives us an 
account of the logical methods by which 
a search for our counterparts in the 
universe can be made—how messages 
can be sent by radio into the vast 
reaches of the universe, how they can be 
received. He talks of the invention of 
‘silicon engines’ by J. Linscot at Stanford, 
of a receiver capable of tuning 20 
million channels, all at a time, each 
carefully read and printed out. If there 
is in any channel anything other than 
random noise it will tell us. He also tells 
us of the work of the electronics genius 
and the writer of one of the greatest 
books in electronics, Paul Horowitz, 
who uses an 8-million-channel detector 
on an old-fashioned parabolic antenna 
dish which had been abandoned at 
Harvard, which now automatically re¬ 
ceives and warns whenever there is an 
unusual reception. Phil Morrison feels 
and almost convinces us that all this is 
truly worthwhile. 


Lessons in science management 

In Britain, brain drain has attained such 
acute proportions that many British 
scientists believe that, unless remedial 
action is taken immediately, British 
science and British industry will slide 
further and continue to lose their 
competitive edge. Britain, with ‘many 
big brains on small salaries’ is happy 
hunting-ground for American industries, 
universities and research laboratories 
for recruiting scientists and engineers, 
says an American. All this, unfortunately, 
is too familiar knowledge to us in India: 
how the developed nations have consis¬ 
tently attracted away the best talents 
from India and other developing coun¬ 
tries. S. Arunachalam writes (page 243) 
about the steps that Britain has taken 
to tackle this problem and suggests that 
we in India do something in this matter. 
Arunachalam also provides the example 
of information packaging in Britain and 
says India will have to produce a major 
thrust in this area to join the ranks of 
the scientifically advanced nations. 
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among scientific journals in India. 

And to give you more impact, we’re now 
bigger, and better. 

Write now, or send your copy to 

(■EHStlH 

C. V. Raman Avenue, P. B. No. 8001, 
Bangalore 560 080 
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Winds of change 

Better refereeing, informed comment, reviews, special issues and opinion will, we hope, make Current 
Science more interesting and useful But, clearly, the scientific community must be actively involved. 


The state of India’s scientific journals has stimulated 
considerable debate over the past few years. There is a 
general consensus that swift and purposeful steps must 
be taken to raise the standard of our scientific 

publications. In some meetings, extreme viev/s have 
been expressed, ranging from a suggestion for surgical 
closure of most journals to the institution of mechanisms 
of organized coercion to compel Indian scientists to 
publish in local journals. Somewhere in between these 

two extreme views lies the path to improvement. 

Current Science, as one of India’s oldest and most 

widely circulated journals, has long recognized the 
pressing need to enhance the quality of its offerings and 
increase its impact on the Indian scientific scene. The 
last few issues of Current Science reflect a concerted 
effort to improve the appearance of the journal and its 
content. Several eminent and concerned scientists have 
expressed their views on the kinds of papers that Current 
Science should publish in various areas of science. 
There is no doubt that this series of articles clearly 
reflects the perceived need for dramatic and rapid 
improvement. How can this be accomplished? 

Scientific journals are unique in that they cater to a 
certain readership, who most often also double as 
authors and critics. It is hard to distinguish the actors 
from the audience. The responsibility for improving a 
journal’s standards, at least in a local, nationalistic 
sense, rests squarely on the scientific community. 
Current Science is committed to the long, hard road to 
higher standards, but in this uphill climb the journal 
needs the active involvement of its readers, authors and 
referees. In the months and years to come Current 
Science hopes to increase steadily the quality of its 
original papers by effecting more rigorous standards of 
refereeing. We also hope to be able to attract some 
fraction of India’s high-quality scientific output, which 
finds its way to foreign or international journals. In 
this, the pressures of the market will operate, but we are 
confident that a general improvement in quality and 


content will provide sufficient inducement to many 
prospective authors. Current Science will also actively 
solicit well-focused review articles on problems of 
intense contemporary interest. In addition, a drive 
has been launched to build a network of dedicated 
scientists who will contribute to the Research News 
section of the journal. We believe that informed 
assessments of recent scientific advances, which the 
Research News section is meant to provide, are a 
valuable source of information to the vast body of 
teachers and students of science who do not have ready 
access to increasingly expensive general journals like 
Nature or Science. Reviews and short critical reports 
should also prove useful to the community at large. 

There are also plans to bring out issues devoted 
largely or entirely to a particular topic. Most of these 
will focus on areas where Indian scientists have made a 
special impact in recent times or on areas of particular 
interest in the Indian context. Two issues on the anvil 
deal with cholera research and structural molecular 
biology. The former will honour the discoverer of the 
cholera enterotoxin, Shambhu Nath De, while the latter 
focuses attention on G. N. Ramachandran’s contribu¬ 
tions to the area of biomolecular structures. In these 
issues we hope to highlight the current status of these 
fields. We have enlisted the international community of 
scientists in this endeavour. We hope to feature several 
important areas of science in similar special issues. 

Current Science will also provide a forum for 
discussion of important issues of science policy, 
management, funding and science education, for we 
believe that India’s science establishment has now 
reached a level of maturity where widely differing 
opinions can be heard and issues rationally debated. If 
all this can be achieved, we hope that Current Science 
will become a vehicle for communication among diverse 
sections of our scientific community and a symbol of 
Indian science on the international scene. 








CORRESPONDENCE 


The C-DoT affair—more than a question of self-reliance 


A controversy has been raging for quite 
some time in several dailies and popular 
magazines over C-DoT, the Centre for 
Development of Telematics, in Banga¬ 
lore. Allegations and counterallegations 
about this fairly young centre of techno¬ 
logy have become almost a part of the 
daily menu of the national press. The 
heart of the matter, it appears, is that a 
massive investment is slated for deve¬ 
loping facilities for telecommunications 
in our country and that C-DoT was 
entrusted six years ago with the res¬ 
ponsibility of providing state-of-the-art 
technology appropriate for this develop¬ 
ment. The proponents of C-l!)oT claim 
that it has accomplished that task to a 
large extent and there has hardly been 
any slippage. The opponents, however, 
allege that C-DoT is lagging far behind 
the goal assigned to it and, further, 
recommend delinking C-DoT from the 
proposed technology and substituting in 
its place a multinational manufacturer. 

The community of scientists and 
technologists of our country can ill 
afford to watch this controversy from 
the sidelines while scores are being 
settled through the national press. The 
challenges thrown up by this controversy 
are much too serious for that. Seldom 
are the occasions when scientists and 
technologists of our country are con¬ 
fronted with challenging problems in 
the frontiers of their areas of specializa¬ 
tion that are, at the same time, so vital 
for our development programmes. Have 
Indian science and technology really 
attained the adulthood of measuring up, 
on their own, to the challenging deve¬ 
lopment problems of our country? This, 
in essence, is the challenge underscored 
by the C-DoT controversy. The contro¬ 
versy puts also to severe test the faith 
and confidence that the leaders of our 
country can repose in Indian science. 
The important question is whether the 
platitudes for Indian science and the 
accolades for Indian scientists that 
emanate regularly from the Government 
can be translated into a calculated but 
determined risk in self-reliance in so 


vital and expensive a development 
programme like telecommunication. The 
academies of science (INSA, lASc, etc.) 
can, in my opinion, play a very crucial 
role here by liaising between the com¬ 
munity of scientists and technologists 
and the leaders of our Government. 

The prerequisite for any intelligent 
opinion about the C-DoT controversy 
is an objective assessment of the claims 
and counterclaims that are being aired 
in the press. In the heat and dust of the 
prevailing partisan atmosphere objecti¬ 
vity tends to be the first victim. Your 
journal can provide an appropriate 
forum for unfolding the situation objec¬ 
tively. 

Haridas Banerjee 
Saha Institute of Nuclear Physics 
92 A.P.C. Road 
Calcutta 700 009 


When I received a similar letter I talked 
to a number of young engineers (and 
scientists) working in C-DoT, Bangalore. 
Many of them are former students of the 
Indian Institute of Science or the Indian 
Institute of Technology (most of them 
top-rankers). Almost without exception 
they said: (a) The organization they 
work for — C-DoT—is a progressive one 
which generally encourages creativity 
and creative design. It is goal-oriented 
and they enjoy working in it. (b) There 
was no case of ‘senior engineers exploit¬ 
ing junior ones or any case of pirating 
away credit. The team-work in C-DoT is 
to be seen to be believed, (c) The digital 
telecom systems they had developed/ 
designed could compare with any recent 
ones from anywhere in the world, (d) 
They were especially proud of their 
design of the rural automatic exchanges 
on which production had already started, 
and 120-150 pieces had been actually 
delivered, (e) The programmes related to 
most of the other exchanges were going 
on smoothly and satisfactorily. 

What appeared to be tragic—as far as 
I was concerned—was the hurt I saw in 


their eyes. They could not believe that a 
group of our countrymen would make a 
concerted attempt to destroy and dis¬ 
mantle a good, ongoing design group 
which was working so well. I must 
remark that I saw no personal fear in 
them. Each one was confident of getting 
jobs (lucrative ones) in France, Sweden, 
Germany or the US (probably in the 
Jirms that are now competing to see their 
products in India!). 

I know very little about digital com¬ 
munication. Nor will I be able to judge 
personally the competence and achieve¬ 
ments of C-DoT. But for the last 47 years 
1 have been associated with what is 
known as ‘research and development in 
science and technology'. The only reason 
I can speak is because during these four 
and a half decades, I have been in 
continuous contact with young scientists 
and engineers. From such experience, one 
develops a nose for recognizing talent and 
intellectual honesty amongst them. 

It seems to me that the matter of what 
is happening in C-DoT must be looked 
into very critically: how the actions 
contemplated will affect science and 
technology in India; whether what is 
happening at present is just a personal 
controversy between two individuals at 
the top baring their teeth or whether 
there is the larger question of vested 
interests preventing the development of 
indigenous high technology in the country. 
Especially important, in my view, is to see 
it from the point of view of the bright 
engineers have produced and trained 
in India and who have also been 
persuaded to remain in this country to 
undertake a national task. 

Should not some ‘real experts (who 
normally have a tendency not to interfere 
and to keep out of controversies, and so 
keep their mouths shut), come out openly 
and tell us about C-DoT, its philosophy, 
its achievements, and also its failings? 
This seems a fit case for the scientific 
community to express itself in. 

S. Ramaseshan 
Editor 
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Brain drain and information packaging—lessons 
from the British experience 


In many ways science in Britain under 
Margaret Thatcher’s government shares 
the same concerns and problems as 
science in India. However, there are 
differences in the responses evoked by 
these concerns in the two societies. 

For one, brain drain in Britain has 
attained such acute proportions that 
many leading British scientists believe 
that unless remedial action is taken 
immediately British science and British 
industry will slide further and continue 
to lose their competitive edge. The 
president of an American university is 
on record that Britain, with her ‘many 
big brains on small salaries’, is a happy 
hunting ground for American universities 
and research laboratories recruiting 
scientists and engineers. Unlike in India, 
where the bulk of the exodus to the 
United States is made up of students 
going on doctoral and postdoctoral 
fellowships, in Britain it is the established 
researchers—professors, lecturers and 
scientists in the civil service—who 
desert their home country to take up 
permanent jobs in the US and western 
Europe. A recent study has shown that 
it is the more productive and better- 
cited British scientists who leave the 
country. All this is well known. What is 
significant is that, unlike in India, where 
we do not seem to have a clear idea as 
to whether the large-scale migration of 
talented young scientists and engineers 
constitutes a ‘brain drain’ or a ‘brain 
bank’-which can be tapped by us 
through programmes such as TOKTEN 
(transfer of knowhow through expa¬ 
triate nationals) and TIES (talented 
Indian engineers and scientists) and 
through special schemes of giving incen¬ 
tives to non-resident Indians to establish 
high-tech industries in India—in Britain 
the implications of brain drain seem to 
have been better understood. In a 
welcome move, over 1600 expatriate 
British scientists—some of them Nobel 
laureates, and most of them working in 
the United States and the rest in 
Europe—have signed a petition urging 
the British government to invest more 
on science and technology and to 
improve working conditions in British 
science. And four of them came all the 


way to London at their own expense to 
present the petition in person at 10 
Downing Street on 7 February 1990. 
The event was covered by almost all the 
leading British dailies. 

Another area where India can do well 
to imitate Britain pertains to provision 
of information, an area in which Britain 
excels. The way the British government 
acted, when confronted with a challenge 
in the area of materials information, is 
indeed commendable. 

Introduction of new materials and 
processes has until recently been concen¬ 
trated in the aerospace, defence and 
electronics sectors of the manufacturing 
industry. In Britain it was noticed that 
many of the advances made in these 
high-tech industries were either not 
picked up by other sectors at all or they 
were picked up rather slowly. The 
Department of Trade and Industry in 
the United Kingdom commissioned a 
private consultancy firm to prepare a 
report on the development and use of 
new materials in the UK. The firm 
approached more than 4000 companies 
and interviewed representatives of 612 
companies over the telephone. About 70 
companies gave more detailed face-to- 
face interviews. 

For the purpose of the report, new 
materials were defined as materials 
developed recently, materials known 
already but with improved properties 
and materials known already but used 
in new applications. Similar broad 
definitions were adopted for new proces¬ 
ses as well. 

The British study revealed that most 
of the firms interviewed were not using 
recently developed materials and proces¬ 
ses. The study found that it was not due 
to lack of support to R&D, but due to 
reluctance on the part of design engineers 
to try new materials, constraints on 
investments and lack of skills. A detailed 
analysis revealed that design engineers 
were not well informed about the basic 
properties of the new materials and they 
had insufficient knowledge of perfor¬ 
mance data for materials in particular 
applications. Although lack of collabo¬ 
rative efforts, especially between industries 
and universities, and the less than 


optimal use made by industry of expertise 
available in the universities were also 
some of the reasons for the low levels of 
adoption of new materials in British 
industries. The report felt that the key 
blocking element was the low level of 
information awareness of design engi¬ 
neers. What was more, in some cases 
where the engineers opted to go in for 
new materials, the high level manage¬ 
ment was unwilling to go along. The 
report did not mince words: ‘Many non¬ 
technical (and often technical) senior 
managers are unaware of the commercial 
benefits to be gained through the exploi¬ 
tation of new materials; or indeed, of the 
potential threat to their business if 
competing companies make use of them 
first. In addition, UK industry as a 
whole is characterized by a short-term 
view of investment and distinctive risk 
averse practices. Clearly, these cultural 
attitudes arc incompatible with features 
of materials innovation.’ 

The report was submitted in July I9K9. 
And the Department of Trade and l ndiiS“ 
try went into swift action. C’onccrncd 
that designers should make the most of 
new materials, DTI initiated a three- 
year ‘Materials matter' campaign. Under 
this campaign, DTI provides practical 
information and advice to British 
manufacturers about modern materials 
and their processing methods. The 
programme consists of booklets, videos, 
a demonstration unit and company 
visits. 

Several videos are available on loan; 
these include Materials matter: an over¬ 
view, Composites, Ceramics, Surface 
technologies. Polymers, New metals tech¬ 
nology, Near-net shape forming, and 
Cutting and joining. 

A travelling unit presents multimedia 
programmes lasting for two-and-a-half 
hours at' selected venues to show the 
importance of integrating materials 
selection and processing with product 
design. Also included in these mobile 
units are hands-on demonstration of 
materials databases on computers and 
an exhibition of products incorporating 
modern materials technology. 

In one of its early succe.sses, the DTI 
initiative resulted in the development of 
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a new glass-ceramic material, Kertalloy, 
for use in heat-resistant applications in 
the aerospace, automobile and domestic 
appliances industries. 

The efforts of DTI are matched by 
equally significant efforts by several 
other agencies who have developed on¬ 
line services and software packages to 
bring computer-aided materials selection 
within the reach of designers. 

The Engineering Information Com¬ 
pany provides the Matus Materials 
User Service, an on-line materials selec¬ 
tion databank giving access to trade- 
names, suppliers, and properties of 
engineering materials. In this service, 
materials can be searched for by com¬ 
position, application, supplier name or 
the required combination of properties. 
Continually updated to include new 
materials as they become commercially 
available, Matus is not biased to any 
particular class of materials. The system 
covers about 150 engineering properties 
and divides its materials into three 
groups: metals occupy 38% of the data¬ 
bank, polymers 43% and others including 
glass and ceramics 18%. Composites are 
listed under the category of their matrix 
material. 

Peritus from Matsel Systems, Liver¬ 
pool, covers more than 1300 materials 


and holds more than 60,000 materials 
and processing characteristics. Using 
this system, a user can compare the 
performance of different materials. 

There is also an European Materials 
Information Service Network. Soon 
Information on this network can be 
accessed by even those who have no 
special skills or knowledge of computers 
and telecommunication. The network 
brings together many European data¬ 
banks and services: Matus, Peritus and 
the Metals Data File from the UK; 
Infos (machining properties of metals), 
Solma (ferrous and non-ferrous metals 
for design of pressure vessels) and 
Polymat (plastics) from West Germany; 
HTM-DB (high-temperature materials) 
from the Netherlands; Cometa (metals) 
from Italy; and H-Data (interaction of 
metals with hydrogen), Cetim-Materiaux 
(properties of metals, plastics, composites, 
adhesives and lubricants) and Thermo¬ 
data (thermodynamic properties of 
materials) from France. 

Using a telephone connection and a 
computer terminal attached with appro¬ 
priate models, one can access most of 
these services and get both textual 
information and graphic images. 

Many materials-related information 
services such as RAPRA Technology’s 


Plascams (for plastics information) and 
CDMS (compound data management 
system for rubber products) are search¬ 
able on IBM-compatible PCs. 

British researchers and manufacturers 
interested in any of these services and 
several other databases can get more 
information from Materials Information 
Centre at the Design Council in London, 
which acts as a clearinghouse. Today, 
thanks to all these computerized services, 
access to materials information is truly 
at the fingertips of Britain’s design 
engineers and researchers. 

Faced with a need for reliable infor¬ 
mation on materials—be it ceramics, 
plastics, composites or process-related 
information—where can an Indian re¬ 
searcher or design engineer get it? Are 
organizations such as INSDOC, NISSAT, 
TIFAC and other information centres 
geared to such tasks? Looking from 
another angle, how many scientists and 
design engineers in India are looking for 
such information? Answers to these 
questions will determine how soon 
India will join the ranks of the scienti¬ 
fically advanced nations. 

Subbiah Aninachalam, Publications and Infor¬ 
mation Directorate, CSIR, New Delhi. 


Panjab University defends itself in Gupta affair 


In a circular released by its vice- 
chancellor’s office. Panjab University, 
Chandigarh, has countered allegations 
of tardiness in mounting an investiga¬ 
tion into charges of fraud against 
Professor V. J. Gupta of the university’s 
Centre of Advanced Study in Geology. 
Gupta has been charged with ‘recycling’ 
the same fossils in different scientific 
papers, giving vague and misleading 
information about the location of the 
reported fossil sites, and polluting the 
Himalayan palaeontology data base (see 
Current Science, 59, 13). 

Panjab University says in the circular 


that, unprepared as it was for the 
‘suddenness and vehemence’ of the 
controversy, it wrote to the heads of 
seven national organizations, informing 
them of the dispute and conveying 
Gupta’s offer of co-operation with any 
enquiry. The organizations were the 
University Grants Commission, the 
Indian Council of Medical Research 
(whose director-general heads an inde¬ 
pendent society for investigation of 
scientific fraud), the Indian National 
Science Academy, the Council of Scienti¬ 
fic and Industrial Research, the Wadia 
Institute of Himalayan Geology, the 


Department of Science and Technology 
and the Geological Survey of India. 

The Indian National Science Academy 
sent two respected geologists to Chandi¬ 
garh to investigate the matter. The 
investigation concluded that an expedi¬ 
tion under Gupta’s leadership to the 
fossil localities was appropriate. 

The university has announced plans 
for such an expedition, but says it can 
take place only in summer. It says that 
it is ‘interested not in brushing the 
controversy under the carpet, but in 
arriving at the truth’. 
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God has still not shown His hand 


Partha Ghose 

The letters C and P stand for ‘charge 
conjugation’ and ‘parity’ respectively. 
One of the beautiful consequences of 
merging quantum mechanics and relati¬ 
vity is the perfect symmetry between 
particles and antiparticles carrying 
opposite charge, theoretically predicted 
by P. A. M. Dirac. One can imagine a 
charge mirror ‘C which interchanges 
particles and antiparticles. The theory 
says that the universe should be sym¬ 
metric under reflection in this ‘C mirror. 
The existence of antimatter has been 
experimentally verified in particle accele¬ 
rators where it is produced with matter 
in equal proportions in conditions simu¬ 
lating the hot, dense conditions of the 
early universe. However, antimatter is 
not seen in normal conditions prevailing 
in the universe. This is just as well 
because whenever matter and antimatter 
meet, they annihilate one another. 
Luckily for us all, all planets, stars, 
galaxies and nebulae seem to be made 
entirely of matter: the universe wc 
observe is not C-symmetric. So the 
question that arises is: where has all the 
antimatter that must have been produced 
in the very early stages of the universe 
gone? 

The universe was also believed to be 
left-right symmetric by physicists. A 
reflection in an ordinary mirror inter¬ 
changes left and right. The belief was 
that the fundamental forces of nature 
are all symmetric under reflections in a 
mirror, i.e. the mirror images of all 
fundamental processes occur as frequently 
as the processes themselves. This is 
called conservation of parity (P). In the 
early fifties T. D. Lee and C. N. Yang 
had carefully analysed weak-interaction 
processes and concluded that there was 
no clear experimental evidence for 


parity conservation in weak processes. 
They suggested an experiment involving 
the angular distribution of beta rays 
emitted by polarized cobalt-60 nuclei 
(placed in a magnetic field) to verify 
whether parity was conserved or not. 
The experiment was performed by Wu 
in 1956. She found that more beta rays 
were emitted against the spin direction 
than along it. This showed a definite 
asymmetry between the process and its 
mirror image—parity is violated in the 
process. This created a sensation, and 
Lee and Yang were awarded the Nobel 
Prize. As Wolfgang Pauli put it, if the 
Almighty is a weak left-hander, why 
does He express Himself symmetrically 
when He expresses Himself strongly? 
The question has not been answered as 
yet. 

Although both the symmetries C and 
P are violated in nature,the combined 
symmetry CP (i.e. two successive reflec¬ 
tions in the C and P mirrors) was still 
expected to hold in every case. Even this 
symmetry was found to be very weakly 
violated in a specific process involving 
neutral kaons. In 1964 Christensen, 
Cronin, Fitch and Tourlay were measur¬ 
ing the pionic decays of the long-lived 
neutral kaon Kpwhich, if CP was a 
good symmetry, was expected to decay 
only into three pions. They actually 
observed a minuscule fraction of two 
pion decays as well, signifying a violation 
of CP symmetry. The group was awarded 
the Nobel Prize for this important 
discovery. 

Shortly afterwards, Andrei Sakharov 
pointed out that this minuscule violation 
of CP symmetry might actually account 
for our very existence, i.e. the predomi¬ 
nance of matter over antimatter in this 
universe if certain likely conditions like 


thermodynamic nonequilibrium held in 
the early universe. 

A recent meeting* in Calcutta took 
stock of this important issue after 25 
years during which much further experi¬ 
mentation and theoretical work has 
been done. ‘Yet, we are no wiser today 
than we were 25 years ago’, said Prof. 
P. K. Kabir of Virginia who inaugu¬ 
rated the meeting. CP violation has not 
been seen in any other process. There is 
much speculation about whether it will 
be seen in analogous processes involving 
the so-called neutral B mesons (carrying 
the ‘bottom’ quarks). There is a proposal 
to build a B factory which will produce 
a sufficient number of B mesons to 
verify the effect. 

A small electric dipole moment of the 
neutron, if discovered, would also be a 
signature for CP violation. The standard 
model of electro-weak interactions 
proposed by Salam, Weinberg and 
Glashow predicts a small value for it. 
Measurements so far seem to indicate a 
somewhat larger value. More accurate 
measurements are therefore necessary to 
establish (a) whether the neutron really 
has a small electric dipole moment, and 
(b) whether its magnitude is consistent 
with the prediction of the standard 
model. 


*Thc Topical Meeting on CP violation was 
held at the Variable Energy Cyclotron 
Centre in Calcutta from 3 to 5 January 1990. 
The meeting was sponsored and organized 
by the S. N. Bose National Centre for Basic 
Sciences, Calcutta. About 60 scientists from 
India and abroad participated. 


Partha Ghose is in the Satyendra Nath 
Bose National Centre for Basic Sciences, 
Calcutta. 
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S&T IN INDIA 


Exploring the seas—the National Institute of 
Oceanography’s venture 

V. Kesava Das and B. N. Desai 


The oceans are mankind’s last frontier. 
But apart from the awe and spirit of 
adventure that surround the oceans and 
exploration of the oceans, it is becom¬ 
ing increasingly clear that the rapidly 
dwindling resources on land can be 
supplemented from the oceans. Fortu¬ 
nately, India has seas on three sides and 
is bestowed with a very long coastline of 
about 7500 km. This represents a vast 
potential of exploitable resources. The 
new ocean regime has enabled India to 
possess about 2.01 million square kilo¬ 
metres of sea as its exclusive economic 
zone (EEZ). 

The first major attempt to study the 
Indian Ocean was the International 
Indian Ocean Expedition (1962-65). As 
a consequence of India’s participation in 
this expedition, the National Institute of 
Oceanography (NIO) was established in 
1966 under the umbrella of the Council 
of Scientific and Industrial Research. To 
cater to regional needs, NIO has set up 
three regional centres, at Cochin, Bombay 
and Visakhapatnam. NIO has emerged 
as the premier institute for ocean 
research in India. Its R&D programmes 
encompass exploration of the seas 
around India with the objective of 
understanding the physical, chemical, 
biological, geological and geophysical 
processes for the exploitation of living 
and non-living resources; prediction of 
monsoon variability; development of 
techniques and instruments for explora¬ 
tion; and use of the oceans to meet the 
challenging needs of the country. India 
now leads the developing countries in 
the area of ocean research. 

NIO’s studies—physical processes 

Nearshore processes 

During the first few years, NIO concen¬ 
trated mainly on coastal processes. 
Studies along the Kerala and Goa 
coasts have thrown considerable light 
on various aspects of coastal erosion 
and factors responsible for it. They 
revealed that the beaches along the 


Kerala coast are rather unstable com¬ 
pared to the beaches along the Goa 
coast. Several protective measures have 
been suggested to protect the coast at 
specific locations. Studies on nearshore 
circulation revealed the occurrence of 
rip currents at several places, and 
helped in selection and development of 
beaches for recreation. Sedimentation in 
harbours and adjacent areas has been 
studied to find ways to tackle the 
problem of siltation. Studies on the 
hydrography of coastal waters and 
estuaries have revealed various charac¬ 
teristics of these water bodies and their 
seasonal variability. 

Ocean dynamics 

The north Indian Ocean is unique in its 
characteristics because it is subjected to 
the influence of the reversing monsoons. 
So is the coastal region of India. Annual 
variations in wind stress, evaporation, 
precipitation and coastal run-off in the 
coastal regions produce circulations 
with characteristics generally not found 
elsewhere in the world’s oceans. Recent 
studies along the west coast of India, 
during the south-west monsoon, have 
revealed an equatorward surface current 
and a poleward undercurrent at a depth 
of about 150 m hugging the continental 
slope. The intensity of the circulation 
decreases towards the north. Transient 
motions dominate north of latitude 
15° N. In contrast, during the north-east 
monsoon, the circulation reverses and is 
marked by a well-defined northward 
surface flow and southward undercurrent 
below 200 m. The southernmost section 
of the west coast of India showed 
occurrence of upwelling during the 
south-west monsoon. The intensity of 
upwelling, the signatures of the surface 
current, and the undercurrent were 
found to become weaker progressively 
from south to north. During the north¬ 
east monsoon, the west coast experi¬ 
enced downwelling. 

The upwelling indices along the 
east coast of India indicate that sinking 


is predominant in the northern zone. 
The influence of freshwater in the 
coastal circulation at the sea surface is 
considerable. Associated with the south¬ 
west monsoon circulation, the thermal 
field in the Bay of Bengal shows a 
wedge-like structure extending from 
south-west to north-east Bay. Studies 
on volume transport across the Bay of 
Bengal indicate a net northward flow 
adjoining the east coast of India. This is 
in consonance with satellite remote- 
sensed data. The spatial spread of 
freshwater is seen up to 10” N in the 
central and up to 6”N in the eastern 
Bay of Bengal. Its dominance is noticed 
up to a depth of 10, 75 and 40 m in the 
northern, eastern and central Bay res¬ 
pectively. Studies on potential vorticity 
show that the depth of penetration of 
wind forcing is limited to 300 m in the 
northern Bay and increases northwards 
to about 600 m in the central Bay. The 
region between the Andaman Sea and 
Madras has very high cyclone heat 
potential, which aids accelerated growth 
of atmospheric disturbances during the 
post-monsoon season. 

Air-sea interaction 

A few experiments have been conducted 
during the last two decades to study the 
monsoon and its variability. Many scien¬ 
tists have attempted to find predictors 
for the monsoon in the oceans. Some of 
these studies indicate that the sea 
surface temperature (SST) variations 
noticed in the Arabian Sea can be taken 
as one of the parameters linked with 
monsoon variability. However, all the 
variability could not be assigned to 
variation in SST. Studies using satellite- 
derived data on SST variability over the 
north Indian Ocean for two contrasting 
monsoons reveal that large negative 
anomalies off the Somali and Arabian 
coasts are associated with good monsoon 
rainfall over India. Another study indi¬ 
cates significant positive correlation 
between the extent of coverage of warm 
pool in the Bay of Bengal during May and 
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the rainfall over India during the follow¬ 
ing summer. Pre-monsoon SST anomalies 
in the eastern Arabian Sea are found to 
be related to summer monsoon rainfall 
intensity along the west coast of India. 
Abnormally warm waters during the pre¬ 
monsoon season are associated with 
poor monsoon, and vice versa. A study 
of SST variations in the Indo-Pacific 
region shows that summer rainfall over 
India has been above normal whenever 
waters of SST higher than 29°C were 
nearer to the Indian subcontinent; 
rainfall was less whenever the position 
of the warm waters shifted to the east. It 
has been found that evaporation from 
the Arabian Sea during the south-west 
monsoon is nearly the same irrespective 
of whether monsoon is good or bad. 
Studies of heat content variations in the 
northern Arabian Sea during a mon¬ 
soon break period in 1986 show that the 
surface warming, on an average, is 
almost accounted by the net energy 
exchange at the sea surface during a 
weak spell of summer monsoon. The 
studies also indicate that energy exchange 
in the eastern Arabian Sea influences 
coastal rainfall pattern within a season. 

Regional geology 

NIO has carried out detailed surveys 
and has collected bathymetric, shallow- 
seismic, side-scan sonar and magnetic 
data to study the regional geology of 


the continental margin. Geomorpho- 
logical, sedimentological and geochemi¬ 
cal studies have also been carried out 
along the western continental shelf. 
Bathymetric and seismic profiles of the 
shelf and slope between Dwarka and 
Cochin have been prepared. The data 
reveal that the continental shelf break 
occurs between 90 and 145 m depth. 
The inner shelf is largely carpeted by 
recent sediments. The rugged topo¬ 
graphy of the outer shelf appears to be a 
relict of a lowered-sea-level period. An 
even topography extends between 50 
(Kasargod) and 139 m (Dwarka) depth. 
The continental shelf is floored with 
three distinct sedimentary types and the 
boundaries between these are gradational. 
The inner shelf is marked by acoustically 
transparent sediments of 10-40 m thick¬ 
ness. In places, the continental slope is 
characterized by sediment slumping, 
subsurface faults, contended reflectors 
and facies changes. Ancient coastlines, 
palaeochannels and submarine terraces 
have been identified in the shelf region. 
It is likely that these were sites of 
deposition of placer minerals in the 
geological past. Palaeoclimatic studies 
based on the nature, age and com¬ 
position of the western shelf sediments 
have provided inferences that the cli¬ 
mate about 10,000 years ago in penin¬ 
sular India was semi-arid and that the 
changeover from semi-arid to the pre¬ 
sent moist condition was geologically 
‘sudden’ and associated with low sea 


level, about 90 m below the present sea 
level. 

Structure and tectonics 

NIO has collected underwater geo¬ 
physical data covering almost the entire 
western continental margin and part of 
the eastern continental margin. Studies 
carried out so far have given interesting 
information regarding the offshore con¬ 
tinuation of structural trends, and 
extension of the Deccan Traps and 
basement features. Magnetic studies 
indicate a regional E-W-trending or 
ENE-WSW-trending fault across the 
margin off Saurashtra coast and subsi¬ 
dence of the axial part of the Gulf of 
Kutch. These studies also indicate that 
the tertiary sediments, reaching a maxi¬ 
mum thickness of 8 km, overlie a 
Deccan Trap-type magnetic basement 
that was block-faulted. This area can be 
considered as an important future target 
area for hydrocarbon exploration. Off¬ 
shore extension of onshore amphibolites 
and/or intrusions up to 50 m depth off 
Bhatkal, on the south-west coast, is also 
found. High-resolution seismic reflection 
profiles collected in the nearshore areas 
off Bombay were used for the first time 
to infer palaeoclimate and the results 
indicate that there was no major 
climatic change in the last 600-700 
years, but before this the monsoon had 
been periodically more vigorous. Studies 
on high-precision gravity data collected 
in the Bombay High and adjoining 
areas indicate the presence of a promi¬ 
nent gravity low coinciding with the 
western flank of the Bombay High 
structure, India’s major offshore oilfield. 
On the east coast, the magnetic ano¬ 
maly map of the Krishna-Godavari 
basin shows a linear trend parallel to 
the coast. Another NW~SE trend is 
delineated by the map north of Amala- 
puram, extending from nearly 200 to 
2500 m depth, suggesting a structural 
lineament from the coast to the sea. 

Geochemistry 

Geochemical studies have been carried 
out to understand the distribution and 
processes of incorporation of the various 
major and trace elements into the 
sediment and to demarcate areas for 
future exploration. Based on these 
studies distribution maps for CaC 03 , 
organic C, Al, Fe, Ti, P 2 O 5 , Mn, Ni, 
Cu, Zn, etc. have been prepared. Sands 



Echogram of a deep-sea mount discovered in the Indian Ocean. 
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with high carbonate content occur in 
the outer-shelf region between Gulf of 
Cambay and Coondapur and off Cape 
Comorin. High concentrations of phos¬ 
phate in the sediments are found in the 
outer-shelf and slope regions. It has 
been found that the nearshore region 
acts as a sink for most of the elements 
and that removal of elements like Ni, 
Cu and Zn is in association with Fe- 
Mn hydroxides. In contrast, in the slope 
regions some of the elements (Zn, Ni, 
Cu) are associated with organic carbon. 

Chemical processes 

A knowledge of the different chemical 
constituents and of their cycles in sea¬ 
water and sediments is very important 
in understanding and evaluating living 
and nonliving oceanic resources. NIO’s 
studies on the fertility of the seas 
indicate high concentration of nutrients 
along the south-west and north-east 
coasts of India during the south-west 
monsoon. In general, organic carbon is 
higher in the coastal regions than 
farther offshore. Work on the con¬ 
sequences of the oxygen-deficient condi¬ 
tion in the Arabian Sea has led to 
estimates of denitrification in the region. 
The true levels of oxygen within the 
oxygen-depleted layers have been esta¬ 
blished. Chemical modelling is an area 
of recent beginning. These studies indi¬ 
cate substantial short-term variability in 
the reducing conditions, but the time- 
scale and the factors controlling these 
changes remain unknown. A regenera¬ 
tion model has been developed to 
estimate additional fluxes and removal 
constraints of trace metals in seawater. 
Studies on chromium speciations based 
on thermodynamic models reveal that 
chromate and uranyl phosphate are the 
most stable species in seawater. A 
predictive model to estimate the abun¬ 
dance and residence times of various oxi¬ 
dation states of some elements hitherto 
unknown in the marine environment 
has also been developed. 

Marine pollution 

Studies on various aspects of marine 
pollution in the seas around India have 
been carried out at NIO. It was found 
that the dissolved/dispersed petroleum 
hydrocarbon in the northern Arabian Sea 
(2.43 to 20.68 /ig/l) had both beneficial 


and detrimental effects on phytoplank¬ 
ton biomass in different well-marked 
areas. Within the EEZ along the west 
coast of India, dissolved petroleum 
hydrocarbon levels appear to be rather 
consistent (1 to 26 jug/1) in the depth 
range of 0 to 20 m. The Bombay High 
oilfield region maintains nearly the same 
level of background petroleum hydro¬ 
carbon concentration in water in spite 
of the continuous offshore drilling and 
increasing oil production. Data collected 
over the north Indian Ocean in the last 
decade indicate an apparent reduction 
in oil pollution due to reduction in oil 
transport in this area. Studies on the 
effect of dissolved petroleum on phyto¬ 
plankton indicate that, depending on 
their nature, the hydrocarbon compo¬ 
nents cause either enhancement or 
inhibition of phytoplankton communi¬ 
ties. In regions close to oil tanker routes, 
growth is severely inhibited. The level of 
hydrocarbons in the Arabian Sea appears 
to be higher than that in the Bay of 
Bengal. Studies on residues of organo- 
chlorine pesticides in surficial coastal 
sediments around India show that 
concentrations on the east coast are 
more than those on the west coast. Data 
on levels of toxic metals in marine 
organisms in the Arabian Sea and Bay 
of Bengal in general indicate that there 
is no cause for anxiety as the levels in 
edible portions of the organisms are 
below the maximum levels specified by 
WHO as safe for human consumption. 
However, some ‘hot spot’ areas have 
been identified off Bombay, the coastal 
strip from Mangalore to Calicut, and the 
Hooghly river mouth, and these spots 
merit a close watch, though there seems 
to be no apparent risk at present. In 
general, except for the petroleum re¬ 
sidues, the extent of pollution in Indian 
waters is not yet alarming. 

Biodeterioration of materials 

Deterioration of materials in the sea due 
to biofouling and corrosion has at¬ 
tracted attention because of increased 
offshore activities such as oil produc¬ 
tion. NIO began studies in this field in 
1980. Studies along the west coast of 
India reveal that microfouling biomass 
is higher in the shelf waters than that in 
the slope waters. Studies on biofouling 
of offshore platforms at Bombay High 
show that settling of fouling organisms 
occurs throughout the year at all 


depths and the biomass is higher in the 
upper layers. Methods to evaluate 
microfouling have been developed. The 
involvement of suspended matter and 
particulate organic carbon of seawater 
in microfouling was reported for the 
first time. A new approach to character¬ 
ize microfouling material based on 
sugar monomer ratios has been sug¬ 
gested. Observations on the corrosion of 
reinforcement in concrete under varying 
stresses in marine environment indicate 
increase of corrosion with increased 
stress. In a laboratory experiment, it 
was found that a thick microalgal mat 
could reduce the corrosion rate of mild 
steel initially. At greater depths the 
extent of corrosion of mild steel and 
brass increased, but in the case of 
stainless steel and aluminium, corrosion 
decreased. 

Living resources 

India’s annual seafood harvest is about 
1.5 million tonnes, which constitutes 
only about 2% of the world fish catch. 
With increasing demand for protein, it 
is estimated that India will need 11.4 
million tonnes of fish by the year 2000. 
Meeting this demand is a challenging 
task. In this context, NIO’s task is to 
identify and demarcate productive areas 
through studies on primary, secondary 
and benthic production in the Indian 
seas, and to develop sea-farming. 

Primary production 

About 50% of the EEZ of India has 
been studied in the last few years to 
evaluate primary production. These 
studies have revealed that certain areas, 
such as the south-west coast, followed 
by the central and the north-west 
coasts, are highly productive. Northern 
Bay of Bengal is relatively more produc¬ 
tive than the rest of the east coast. 
The Andaman and Lakshadweep regions 
are less productive than the west coast 
of India. 

Secondary production 

Zooplankton-rich regions indicate better 
fishery potential, especially pelagic fishery. 
NIO’s studies indicate that the west 
coast of India is more productive than 
the east coast. The south-west coast of 
India is a region of high zooplankton 
production owing to replenishment of 
nutrients in the surface layers through 
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Distribution of zooplankton biomass in the EEZ of India. 


strong upwelling. Pockets of high pro¬ 
duction have been observed off Bombay, 
Cochin and the coast between Goa and 
Mangalore. The north and southeastern 
Arabian Sea are also regions of high 
production. Along the east coast of 
India, secondary production increases 
towards the south, with pockets of high 
production between Visakhapatnam and 
Madras. The western region of the Bay 
of Bengal supports high standing stock 
of zooplankton. Fish eggs and larvae 
are abundant off Ratnagiri, Konkan, 
Cochin and Quilon on the west coast 
and in the northeastern region of the 
Bay of Bengal. 

Benthos 

Studies on benthos (plants and animals 
on the seabed) of the Indian Ocean are 
of recent origin and are useful for assess¬ 
ing exploitable demersal fishery poten¬ 
tial and development of sea-farming. The 
studies indicate that the continental 
shelf produces the maximum biomass 
and production decreases with depth. 
North-west Arabian Sea and the northern 
Bay of Bengal are also areas of high 
benthic production. The potential demer¬ 
sal fishery from the continental shelf of 
India is estimated to be 1.8 million 
tonnes per year as against the exploited 
catch of 0.4 million tonnes per year. 
Long-term studies in the Mandovi-Zuari 
estuarine system of Goa revealed 70% 


reduction in clam production and 50% 
in benthic biomass due to pollution 
from mining rejects. 

Seaweeds 

Marine algae form one of the most 
economically important plant resources. 
The seaweed resource survey along the 
Indian coast indicates that the intertidal 
area alone can give a yield of about 
100,000 tonnes per year. Although in 
India marine algae are not widely used 
as food as in Japan, the species in 
Indian waters arc rich in protein and 
carbohydrate. Techniques for seaweed 
cultivation are being standardized at 
NIO and the cultivation of some species 
has been initiated along the Indian 
coast. 

Mangroves 

Mangroves grow mostly in brackish 
water and form a typical ecosystem. 
Mangrove swamps are highly productive 
areas and can be used for aquaculture 
because these are the best spawning, 
breeding and nursery grounds for seve¬ 
ral organisms. NIO has been carrying 
out a mangrove resource survey along 
the Indian coast and propagating tech¬ 
niques for cultivation and conservation 
of mangroves. Coastal vegetation along 
the central west coast has been mapped 
using remote-sensing techniques. 


Sea'farmimi 

Sea-farming of commercially impt^rtanl 
organisms has been rccogni/cd as a way 
to generate nu)rc scafotni. A technique 
for the culture of green mussels on ropes 
on floating rafts developed at NIO can 
give a yield of 4K0 tonnes per hectare 
per year witii the pi>ssihility of three 
harvests in a year and profit of about 
180% on capital investment. This tedh 
nique has been denumstrated to fisher 
men and potential fish larmcrs at the 
instance of the (Jovernment of (Soa. 
Applying modern concepts of ecology 
and aquaculture, NIO has developed a 
technique to improve the traditional 
paddy-cum-prawn culture in Kerala \o 
give a high annual yield. NIO also has a 
technology for retrieving juvenile shrimp 
catch alive so that it can be utilized as 
seed for shrimp farming. A technique lor 
the commercial culture of Arlcmiu, used 
as food in aquaculture, has been per¬ 
fected and is being commercialized by a 
private firm in Jamnagar. A break¬ 
through has been achieved in the 
controlled breeding and hatching of 
young ones of horse-shoe crab ‘I'rachy- 
pleus gigas, which provides a substance 
used to detect bacterial endotoxin. 

Bioactire suhstunces 

Utilization of the vast marine resources 
as raw material for potent and safe 
drugs and pharmaceuticals is id* recent 
origin. Several marine organisms have 
been screened for a wide spectrum td' 
biological activities and Siune i>r them 
have shown promising result.s. This 
work has been carried out under an 
Indo-lJS collaborative programme, aiul 
the Central Drug Research Institute, 
Lucknow, is also involved, (’orals, 
seaweeds and other organisms that 
produce substances with antifertility, 
antiviral, CNS-stimuIant, hypotensive, 
spasmogenic, spasmolytic diuretic, anal¬ 
gesic, toxic, antimicrobial and other 
activities are known. Chemical investi¬ 
gation of some of the organisms led to 
the isolation of several types of steroids, 
fatty acids and their esters, halocom- 
pounds, lactones, alcohols and their 
esters, etc. Chemicals indicating anal- 
gesic, spermicidal, oxytoxic and hypo¬ 
tensive activities in a mangrove plant, a 
seaweed and a soft coral have been 
isolated and characterized, and are 
being synthesized in the laboratory. The 
synthetic chemical with spermicidal acti- 
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vity is in the process of confirmatory } 
tests. 

Non-living resources i 

The oceans hold a promise for the 
future as regards the vast mineral 
and hydrocarbon potential they hold. 
At NIO, several programmes have been 
going on to detect and assess the 
mineral deposits in the seas around 
India. 

Placer mineral deposits 

Mineral beach placers such as ilmenite, 
monazite and magnetite occur along the 
Indian coast. The monazite sands of 
Kerala coast are the best known and are 
being exploited. NIO has undertaken 
studies to assess the extension of the 
placer deposits offshore. Investigations 
along the Konkan coast indicate that 
heavy-mineral-rich sands extend to a 
distance of 2-5 km offshore to a water 
depth of 10-13 m and cover an area of 
about 96 km^ of the seabed. In the area 
surveyed reserves are estimated to be 
about 12.5 million tonnes. The seismic 
profiles show that the thickness of 
ilmenite-bearing sand layers ranges 
from 2 to 10 m and the deposits extend 
to a water depth of 20 m over an area of 
436 km^. 

Polymetallic nodules 

A national programme on exploration 
for polymetallic nodules was launched 
in 1982 with support from the Depart¬ 
ment of Ocean Development, Govern¬ 
ment of India. Detailed survey has been 
carried out over 441,000 km^ in the 
central Indian Ocean. The total esti¬ 
mated quantity of the nodules in the 
areas surveyed is about 1335 million 
tonnes. An application area of 
300,000 km^ in the central Indian 
Ocean was demarcated and India filed a 
claim with the International Sea-Bed 
Authority under the United Nations. 
Now India has become the first country 
in the world to receive registration as a 
‘Pioneer Investor' at the UN Prepa¬ 
ratory Commission for the International 
Sea-Bed Authority. A pioneer area of 
150,000 km^ in the central Indian Ocean 
has been allotted to India for developing 
a mining site. At present, close-grid 
surveys are being carried out to select a 
pilot mine site and to study environ¬ 
mental aspects to arrive at a design of 



Boomerang grab used for collection 
of nodules being hauled up. 


parameters for a mining system and gain 
some knowledge about the possible 
ecological impact of mining. 

The growth rates of nodules in the 
cenTal Indian Ocean are in the range of 
1-3 mm per million years. The nodules 
contain records of significant changes in 
climate over a span of 200,000 years. It 
appears that nodule formation in the 
explored area started later than 24 
million years ago. The topography of 
the area was found to influence the 
abundance, chemistry and morphology 
of the nodules. Nodules from seamount 
summits, slopes and regions of rugged 
topography have high to sporadic 
abundance, smooth surfaces, low 
oxide/nucleus ratio and low Mn/Fe, Ni 
and Cu in contrast to those from plain 
regions of the seabed. 

Oilfield development 

About 60% of the world’s oil production 
is from the EEZ of the coastal nations. 
Offshore oil accounts for about 75% of 
India’s production. NIO has been under¬ 
taking sSeveral projects for the Oil and 
Natural Gas Commission (ONGC) in 
developing oilfields along the west coast 
of India. Studies were carried out to 
understand the environment of the 
oilfields at several locations. Results 
from these studies have been utilized by 
ONGC in the design and construction 
of offshore platforms. Surveys were 
carried out for laying submarine pipe¬ 
lines in the Bombay High region and 
for the location of single buoy mooring 
terminal and connecting pipeline off 
Hazira. Water quality studies were also 
carried out for water injection in the 
Heera oilfield. 


Ocean engineering 

The extension of engineering works to 
offshore areas necessitated development 
of expertise in this field. NIO initiated 
work in ocean engineering in 1976. 
Collection of long-term time-series data 
required for evaluation of design para¬ 
meters for coastal and offshore engineer¬ 
ing works was a problem because of 
difficulties with instrumented moorings. 
Now NIO has developed mooring 
techniques for both shallow and deep 
sea and has successfully deployed and 
retrieved moorings. Computer software 
was developed to analyse the stresses in 
deep-sea moorings during deployment 
and under in situ conditions. Numerical 
models for determining wave transfor¬ 
mation from deep water to shallow 
water till wave breaking and for comput¬ 
ing longshore sediment transport were 
developed. Work on development of a 
data base on directional waves, essential 
for estimating structural behaviour at 
sea and for evaluating coastal engineer¬ 
ing problems, has been initiated. Soft¬ 
ware has also been developed to retrieve 
and analyse the raw data on heave/pitch/ 
roll time series to obtain directional 
wave spectra. Estimation of 100-year 
wave height has been made based on 
directional wave data collected off 
Karwar. Marine geotechnical studies 
have been carried out in connection with 
the construction and burial of submarine 
pipelines for ONGC and other agencies. 


Developmient of instruments 

Most of the equipment and instruments 
for oceanographic research are im¬ 
ported. NIO has been carrying* out 
design and development of instruments 
with a view to indigenize them. These 
instruments are used by NIO as well as 
other agencies. Some of the instruments 
developed are: tide and wave recorder, 
depth recorder, current meters, micro¬ 
processor-based tide gauge, electronic 
bathythermograph and weather station. 
The weather station installed in Antarc¬ 
tica by the first Indian Antarctic 
expedition was developed at NIO. 
Recently, NIO released technical know¬ 
how for large-scale production of its 
direct-reading current meter, wave re¬ 
corder and electronic bathythermo¬ 
graph to the National Research and 
Development Council (NRDC). 
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NlO’s electronic bathythermograph. 


Emerging techniques 

Remote sensing 

An ocean remote-sensing centre has 
been set up at NIO to develop remote¬ 
sensing techniques for ocean studies. 
Sea surface temperature (SST), wind and 
wave-height data obtained through the 
Bhaskara II satellite have been validated 
by in situ observations. SST data for the 
north Indian Ocean have been derived 
from satellite data. Mangrove resources 
evaluation and coastal geomorphological 
studies have been carried out using 
remote-sensing techniques. A theoretical 
model has been developed to evaluate 
sensitivity of the remote-sensing tech¬ 
nique to changes in the spectral quality of 
incoming solar radiation and changes in 
the vertical distribution pattern of 
chlorophyll concentration in vegetation. 
A new method of land^sea delineation 
in visible channels using the principal 
component transformation technique, 
and a new algorithm for remote sensing 
of sea surface winds have been developed. 
Water vapour flux divergence over the 
Arabian Sea during the 1987 summer 
monsoon was studied using INSAT-IB 
data. 

Ocean acoustic tomography 

This is a technique to collect information 
about the ocean interior on a synoptic 
scale. If the concept of this technique 
becomes a reality, it will be possible to 
sample large oceanic areas in a few 
minutes by suitably installing a network 
of Si^und transmitters and receivers. 


Recently NIO initiated a programme in 
this field. The acoustic characteristics of 
the Bay of Bengal have been studied 
and found to vary with depth. The 
forward problem of determining the 
source-receiver configuration has been 
largely completed. Starting from the 
hydrographic data, procedures for the 
computation of the reference profiles, 
ray path geometry, Eigen rays, arrival 
times, intensity loss of sound signals, 
and travel times from source to receiver 
have been perfected through software 
development. The results of the attempts 
made to reconstruct the reference sound 
speed profile derived from oceanographic 
data sets using singular value decom¬ 
position technique under natural gene¬ 
ralized inverse methods yielded accep¬ 
table limits of variance. 

Modelling 

Rational use of the sea calls for model 
studies that lead to prediction of condi¬ 
tions in the marine environment. NIO is 
developing prediction models of circu¬ 
lation, thermal structure and biological 
productivity of the north Indian Ocean 
and of storm surges along the east coast. 
Some of these have been developed and 
used: a numerical model of wind-driven 
circulation in the Bay of Bengal; a 
numerical mixed-layer model to study 
temperature variability in the Arabian 
Sea; a three-dimensional model of cir¬ 
culation in the Arabian Sea with 31 
layers in the vertical and taking into 
consideration the actual bottom topo¬ 
graphy; a model simulating an oil spill 
on the sea surface; a one-dimensional 
model of marine atmospheric boundary 
layer that can predict the vertical 
structure of waves, temperature and 
moisture, which has been tested for a 
region in the Arabian Sea; a numerical 
model to study wave-induced circulation 
in nearshore areas, which has been 
applied to small stretches along the Goa 
coast and has produced results com¬ 
parable to the observed features; and a 
theoretical model to study the reflection 
of Rossby and Poincare waves from 
continental edges, which predicts the 
presence of new roughness-generated 
trapped waves in both cases. 

Antarctic oceanography 

NIO has been associated with all the 
Indian scientific expeditions to Antarctica. 


The first expedition was coordinated 
mainly by NIO. Studies carried out 
during these expeditions have provided 
valuable information. Traces of dissolved 
petroleum hydrocarbon were detected 
in surface waters of the southernmost 
regions of the Indian Ocean. The hydro- 
graphic regime from Dronning Maud 
Land to 30'"$ shows the presence of 
distinct water masses. Intense vertical 
mixing was observed in the upper 300 m 
of the sub-Antarctic region. Geophysical 
studies made over the Astrid Ridge and 
Dronning Maud Land showed its crest 
trending N-E in the south, and veering to 
NNW-SSE and changing to NNE-SSW 
towards the north. The seismic profiles 
of the Ridge show a top transparent or 
layered sediments underlain by a promi¬ 
nent reflector and j,he acoustic basement. 
Phytoplankton productivity and biomass 
have been found to be variable in 
Antarctic waters but rich in coastal 
regions. The physical structure of the 
water column, near-freezing temperature 
at the ice edge, and heavy grazing and 
rapid sinking are significant factors 
controlling phytoplankton production 
in the southern ocean. Marine mammals 
were found to be concentrated in the 
region between 60“ and 70“ S and 
density varied from 16 to 246 animals 
per UK) km^. Abundance was related to 
the richness of prey organisms, i.e. krill. 
Annual variability in krill biomass in 
the southern ocean is related to produc¬ 
tion in the microbial food-webs and a 
relationship between water masses and 
nutrient anomalies. 

Support to national development and 
international cooperation 

The capabilities and expertise developed 
at NIO have been gainfully uitilized to 
provide support to industries and other 
agencies in tackling problems connected 
with the seas. So far, NIO has under¬ 
taken 270 contract research projects 
and earned revenue of over Rs 300 
million. The main areas in which the 
institute has been undertaking contract 
research projects are coastal zone 
management, development of oilfields 
and harbours, pollution monitoring and 
control, industrial and domestic waste 
disposal, resource surveys, biodeterio¬ 
ration in the marine environment, and 
development of marine instruments. Till 
date, NIO remains the only organization 
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in India whose scientists and technicians 
have been associated with almost all the 
seabed surveys carried out along the 
Indian coast. The major beneficiaries of 
NIO’s technical expertise are ONGC, 
NTPC, NPC, Indian Navy, port trusts, 
central and state government depart¬ 
ments, private industries, public sector 
undertakings, water pollution boards. 


etc. The services rendered to these 
agencies have led to considerable saving 
of valuable foreign exchange. 

NIO has provided technical assistance 
to Sri Lanka, the Seychelles, Kenya, 
Mauritius and Caribbean countries, at 
the request of the respective govern¬ 
ments, in exploring the resources and 
environment of their EEZs. The assis¬ 


tance provided includes training of 
scientists from these countries in collec¬ 
tion, analysis, processing and interpre¬ 
tation of oceanographic data on board 
research vessels as well as at NIO. 


K Kesava Das is Scientist-in-charge, Publi¬ 
cation and Reprography Section, andB. N.Desai 
is Director, National Institute of Oceanography, 
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Means, method and implications of the search 
for intelligent life beyond our planet 

Philip Morrison 


It is about thirty years ago that we human beings 
acquired an absolutely brand new capability—an 
ability unknown in any previous stage of our civiliza¬ 
tion. I do not believe that it is true that in our 
generation we are any wiser or smarter or more able 
than the long predecessors of learned and civilized 
people who go back certainly many thousands of years, 
and perhaps not even than those keen hunters who 
spread about half a million years ago from the African 
rift over the entire world. But we have done something. 
We built upon what was done in the past and every 
once in a while something new happens which we must 
note because it places humanity in a different position 
with respect to the cosmos. What happened was that, 
without our quite realizing it, the development of 
science and technology reached such a state that for the 
very first time we could make a signal here on Earth 
that could be detected among the distant stars—we 
could signal to the stars if we tried. This was not 
possible before the year 1960 or so with existing 
material. No sound we can ever make can go across 
that space. No fire or light we can make, not the 
explosion of a hundred hydrogen bombs amounts to 
anything compared to the light of the Sun or even to 
the variations and fluctuations of the light of the Sun 
that happen suddenly when a solar flare occurs. So, 
looking from far away, nobody will see us by light, 
nobody can hear us by sound. We say we have great 
probes and we have wonderful space probes these days. 
The most distant space probe launched in 1971 has 
now reached the fringes of the solar system and is 
touching the orbit or the planet Pluto in that region. It 
will take a hundred thousand years before that probe 
comes closer to any other star than it is to the Sun—a 
very slow means of progression, in addition to which of 
course it is only a bottle in the three-dimensional ocean 
of space. So that method is also very difficult. But with 
the development of high power radio, we did have the 
means of communicating across the depth of space, and 
from that understanding I think we came to realize that 
we could do that. 

We are not in fact doing that very systematically, we 
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should not probably, but if we can do that, others in 
our position might do as well. Indeed, I shall argue, 
much better. I will simply put a simple question, and 
later on I will discuss more of its implications. The 
question is: In this vast universe are we alone as self- 
conscious beings, or have we counterparts, maybe 
strange, maybe familiar, somewhere else among the 
stars? I regard the question as of such manifest intrinsic 
interest that you do not have to justify it. (Those who 
do not feel that same way should by no means pursue 
this task.) The main point is that it is an extraordinary 
question to ask; seers and speculators have thought 
about it for many, many years but had no way to 
answer. I am not proposing that we have a sure way to 
answer, but we have a means. 

In order to make this reasonable I would like to 
argue step by step, to begin by showing you the modern 
structure of the universe that we see in a very simple 
way. It is worthwhile to have it marshalled in front of 
you so you can see the force of the argument. When we 
made a TV programme on science I began by saying: ‘I 
do not want to persuade you of the structure and order 
of the world by simply saying that I am persuaded, and 
that I have got a degree and I am a professor in a big 
university in Boston, and therefore you should believe 
me. That is not science. Any charlatan can say that (I 
must say that some do!). The way of science is to show 
you the same things that persuaded me, and if they do 
not persuade you, it is up to you to show whether I am 
wrong.’ 1 am happy to learn. That is the method of 
science—not authority but evidence, evidence from 
experience, evidence from argument, evidence from 
mathematics, but all evidence. Not simply Bohr thought 
this, and Einstein thought this. I have nothing against 
them, these are great men, our teachers; we must study 
them but weigh their sayings. They told you why they 
believed something, and they demonstrated it line after 
line in their writings or in their experiments. That is the 
point of view towards science which in our day we 
often overlook, because there are such great results and 
we want to show the results. We do not carefully 
describe the basis of these results and the public accepts 
the figure of authority. 

What specially makes me angry—up the wall, as 
they say in my country—is when somebody pulls out a 
printout from a computer and points at it with 
authority and says ‘you see, that by itself demonstrates 
it’. It does no such thing. I never know how the 
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computer can tell me the truth. I mean they do what 
they are told.. Sometimes it is right, but more often it is 
wrong; the notion that the printout is all by itself 
evidence is ridiculous. Tell me what the program is, tell 
me what the assumptions are, tell me what the arguments 
are that the computer iterates. Sure, I understand it can 
do many wonderful things. But it does not do them by 
itself. Just because it’s a printout does not make it right. 
When I was young, I learned very early that if you saw 
something in print, it was authoritative, you should pay 
attention to it. But it did not make it right. Indeed, now 
that I have written a few books, I know that not every 
sentence in my books is true, however hard I tried. 
That is a valuable lesson to learn. If you object to 
anything, I say splendid. You must think about it 
yourself, but you must be able to knock down some 
arguments. It is not necessary that I disagree with you. 
You have to say: ‘If it is the way I think, then I can 
show you that this will happen. That is my task.’ 

I begin with the famous seven luminaries, well known 
in this country back to the time of Rigveda, and I am 
sure before that, but unwritten. Again, history is not all 
that good, because history depends upon written 
evidence. The archaeologist can go beyond history. I 
dare say even beyond the first artefacts we have there 
was human mind at work, only we just do not know 
about it. You only can know about that for which you 
have evidence. Everyone knows that all the luminaries, 
the Sun and the Moon, the planets and the stars, all rise 
and set daily. Nobody has to be told that about the 
Sun, few people have to be told that about the Moon, 
more people have to be told that about the stars. But 
the slightest attention to the sky will show you that. If 
you watch a bit, you will come to see that the star 
patterns remain fixed, they move together but the 
patterns never change, no matter where you go, no 
matter how long ago you studied the maps of those 
who mapped the sky a thousand years ago. They show 
sensibly the same patterns; the constellations are 
unchanging—that is why you call them the fixed stars. 

They are not fixed in the ordinary sense. They rise 
and set like everything else in the sky. But they are 
fixed in the sense that they remain recognizably in the 
same arrangement, very striking because of course the 
Moon does not do that. The Moon moves across the 
starry sky in a cycle of about a month. You will see 
that the Moon has a different star background day after 
day, and in a whole month we more or less come back 
to the same place. That is speaking only roughly. The 
details I leave to the astronomers, but the rough fact 
everyone can notice and think about. The Sun each day 
of course rises and sets like everything else. But in a 
year it goes right around the sky, from high to low and 
high again, and we all know that it changes the seasons, 
the yearly seasonal change of weather. That is surely 
strongly correlated with the angle of the Sun. What is 


the evidence that the Sun is against different star 
patterns? (It is, though not what the astrologers tell you 
in the papers.) It is not easy to see the star pattern 
among which the Sun stands, for when the Sun is out 
you cannot see the stars. That was the first hurdle for 
the professional astronomer three thousand years ago: 
to figure out where the Sun was among the stars, 
without being able to see the Sun and the stars together. 
What did they have to do? Of course they noticed very 
carefully the stars just before sunrise and again just 
after sunset, and they put two and two together and 
the pattern they saw was continuous. They could tell 
what sign the Sun had to be in by knowing the conti¬ 
nuity of the heavens. You have to watch the sky for a 
long time to get all that straight. But they did it, and we 
can use that result. 

Finally the planets: the Greeks called them, wanderers. 
The planets have a motion of their own. They dance 
about, not so rapidly as the Moon, but some quicker 
and some slower. Indeed, that is a characteristic result 
of the simplest kind of geometry. If I move my hand in 
front of my face, it flicks by. If you move your hand, I 
can see it quite well. If I watch the telephone poles as I 
drive, they go by rapidly, but the houses move by more 
slowly. The mountains do not move at all; I can drive 
for hours and still see the mountains shining white in 
the distance, and the Moon follows you all night long. 
When you move, distant objects do not change their 
apparent direction very rapidly. Moreover, something 
which is farther than another thing can never occult it, 
cannot pass in front of it. When you hold up one hand 
in front of the other, the nearer one covers the other 
from sight. There is then no doubt about which hand is 
farther away. When the Sun passes in front of a star, 
when the Moon passes in front of a planet, we learn the 
order of distance, the basis of the fundamental nature of 
our simple cosmology. Thus we have this remarkable 
result, that we live in a system in which the Earth is one 
among a number of planets and they are scattered out 
in space and the Sun dominates this system—tremen¬ 
dously bright, tremendously hot, it gives life to earth 
and illuminates the entire solar system. That much has 
been known for a very long time. It requires not much 
instrumentation, just a little careful recording, and a 
little tradition to pass from one generation to the next 
what was going on. These things do not happen 
everyday but you have a memory, or you have an 
enduring school that you believe in and they tell you 
‘we saw this happen’. Finally, you can understand it. 

In all cultures throughout the world, some features of 
this general cosmology are understood. Maybe in Delhi 
it is not so easy, but out in the countryside it surely is 
easy to see the famous little group of stars which we 
call the Pleiades. I think they are familiar to all those 
who know and watch the sky. In the constellation 
Taurus, there is this little group of stars. From time 
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immemorial people who have seen it thought it was 
something to call attention to, because it is a little heap 
of stars. In Japanese, it’s called ‘the heap’, a little heap 
of stars all together. The ancients knew that the people 
with the keenest eyes might count ten or a dozen stars, 
and old people could count only six or seven. There are 
lots of tales and legends about how they were once 12 
and became 11 and so on, but all that is based on the 
fact that differences between viewers and conditions of 
the night sky determine how many are seen. For 
millions of years we saw the stars, and the keenest eyes 
could see in the Pleiades a few more stars than the 
others, but that was the end of our experience. And 
then, at the dawn of modern science, the development 
of instrumentation made it possible to see the same 
group of stars through a modern telescope. You still see 
the pattern of 5 or 6 quite bright ones, you still see half 
a dozen or 10 or 20 others that look almost as bright. 
But behind them, you see hundreds or even a couple of 
thousand faint stars. That is the enormity of the 
heavens, displayed by instrumentation and photography. 
I think it is nearly impossible to doubt, once you see a 
little bit of photography, a little bit of telescope for 
yourself, that there are stars that are not seen by the 
eyes but revealed only by the instrument. They are 
exactly continuous with the stars that we can see; there 
is no difference. It’s only that our eyes are not good 
enough. Our artificial eye, the human-made eye of the 
telescope, brings us more information about the very 
same world in which we live. An old man is likely to see 
only 6 or 8 Pleiades stars; the same man when young 
could see 10 or 12. It’s not that stars are taken away 
from old people, it’s that eyesight is not as good. 

Now Galileo did all this in six months’ time in 1609 
and 1610. Of course he did not end astronomy but he 
began it—I would say, with a bang. He showed many, 
many stars that nobody had ever seen before. Most 
importantly he showed the Moon in an absolutely new 
light, because he could see on it not just the patches of 
dark and light, about which the ancient philosophers 
had argued for a very long time. It was understandable 
that they were like nothing on Earth. But through the 
telescope he could see the shadows made by the 
mountain peaks, he could see that the Moon was 
mountainous desert, no different than the mountainous 
deserts on Earth. It was made of rock, it had mountains, 
it had shadows, it was no longer a half-darkened ball of 
mystery. It was a place like our own Earth. I believe 
that did more to make the Earth one of the planets 
than the simply geometrical point made by Copernicus 
that the motions could be understood by saying that 
the Earth too shares some motion around the Sun, 
more or less as the other planets do. But add to that 
the physical fact that looking closely at the Moon 
reveals that it is mountainous and you have something 
profound. 
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Looking closely at Jupiter, you saw first that it was 
not just like a bright star that didn’t twinkle, but it had 
a disk. Indeed, the keenest eyes already had known 
that, but most people did not. But Galileo could see 
more. He could see that around that planet there 
danced four little stars that always accompanied the 
planet, round and round it in a regular pattern, and he 
said, ‘There are the Moons of Jupiter, just as our 
Moon accompanies the Earth, and it is never very 
far away and never very faint.’ We have the Moon at 
all times of the month, ll is only lighted partially. The 
ancients knew for a long time that the new Moon was 
only dark but still there was a full circular disk, only it 
wasn’t visible. If you arc very clever and lucky, you can 
see the dark edge of the Moon, invisible to you, cross 
over a distant star or a planet and reveal itself. I have 
seen that from New Mexico, watching Jupiter being 
occulted by the dark edge of the Moon. It is quite a 
beautiful sight, which can be seen every few years. 

I find it impossible to doubt. Of course a telescope 
could lie to you and in Galileo’s time, the first telescope 
was much questioned, correctly, by the sceptics. Fhcy 
had been trying it out. They looked at the distant 
church and they could read the legend on the church. It 
was the same legend they could read by going up to the 
church and looking at it, maybe the name of the Pope 
who caused it to be built. Similarly, they could 
recognize the ship that was coming in. After a while 
they began to realize that they could trust this instru¬ 
ment, and that it was telling the truth. 

The next step was then made very slowly, but within 
decades. All the astronomers of the day were sure, as 
only a few were sure when Galileo began, of a 
remarkable fact, which goes right against common 
sense. (Many speculative thinkers, specially of the 
British tradition, had guessed it long before they could 
demonstrate it, but they fell it was logically possible 
it is often the case that the logical argument was in tlie 
hands of people who had no instrumentation but 
thought deeply about the continuity and order of 
things.) I can express this remarkable fact by one simple 
sentence: The stars are Suns and the Sun is a star. 
That’s completely against common sense. The Sun i.s a 
hot burning disk which supports life. The stars, though 
fascinating and interesting, arc little points of light, 
perhaps good for the navigator, but do not supply any 
heat or light that you can use in any important way. 
But the Sun is indeed our star. 

But why do I say that the Sun is a star and the stars 
are Suns? Because, if it’s true that the planets arc like 
the Earth and influenced by the Sun and the whole 
geometry described is real, then it may well be true that 
to explain the stars we can simply say that the stars arc 
distant Suns, and if they are far enough away, then they 
must appear so small and so faint that they can fit into 
the sky the way we see them. That was put forward by 
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Copernicus, and denied by Kepler, on a very sound 
basis. The great Kepler did not believe in Copernican 
arguments before the telescope. Only when he read 
Galileo’s book did he change his mind. This is the fruit 
of the seventeenth century. 

A little geometrical thinking will let you understand 
it. Kepler could figure out from the levels of bright¬ 
ness of the Sun and the stars (which he knew was a 
tremendous ratio, as he could calculate roughly from 
the available numbers) that the stars have to be very far 
compared to the Sun. We know that he was even under¬ 
estimating how far they have to be—they are enor¬ 
mously far. It takes a spacecraft probably 15 years 
to cross the solar system but a hundred thousand years 
to get to another star. Kepler said, Tf the stars are far 
enough away to be as dim as they are, but are really 
like the Sun, that cannot be, because they look so 
large.’ He guessed how big the stars were, as we all 
could, by looking with the eye. The stars, he said, were 
about as big as the smallest planets. But the image of a 
star in the eye is not a perfect image of the star; it 
depends upon the atmosphere and the eye. It does not 
depend only upon the nature of the star. The telescope 
could magnify the stars thirty-fold, yet the images of the 
stars were no longer in the telescope than looking 
directly with the eye. But the image of the planet was 
bigger by thirty-fold, and the distance of the nearest 
stars was bigger by thirty-fold. So Galileo said, The 
size of the star’s image is not given by the star, but its 
distance and size by the twinkling and wavering of the 
atmosphere, and imperfections of the eye.’ Which 
turned out to be true. Many tests demonstrated it. The 
stars are far away and after the telescope even Kepler 
believed it. 

I have not told the whole story but I have given the 
rock-bottom evidence for why we believe these things. 
The astronomers confirmed the distance to the stars by 
saying, very crudely, that a star is like the Sun. Of 
course they aren’t always right. Some stars are brighter 
than the Sun, some stars are fainter than the Sun. But 
making allowance for these things, the rough average is 
not very misleading. Approximation is the soul of the 
new science. Don’t try to get the last word, try to get 
the first word: the first word is that the stars are Suns, 
that they are more or less as bright—some brighter, 
some fainter—and in a rough way, they are as far 
away, as they have to be in order to be as faint as they 
are compared to the Sun, if they are like the Sun. Of 
course, even if the stars are seen through the telescope, 
they are very faint and very far. 

Let me describe the following remarkable result, 
which is easy to understand. It illuminates all that I am 
going to say in a bright light. I now carry you to 1980 
instead of talking about 1680, as I am now. Suppose we 
imagine that we are renoioved from our happy place 
near the Sun to a distant place which bears the same 
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relation to the closest star to the Sun as we are now on 
Earth with respect to the Sun itself. Now, by looking at 
all the stars that are bright enough and measuring their 
distances (the astronomers know how to do it with 
some degree of reliability now), we learn that the 
nearest star after the Sun is a star called Alpha 
Centauri. This is the brightest star in the constellation 
of Centaur, which is hardly seen from Delhi. It is deep 
in the southern sky, and could probably be seen from 
Cape Comorin on good days but not as far north as in 
Delhi. I have seen it only by travelling to South America. 
Alpha Centauri is the nearest star to the Sun. Let 
us suppose that we are orbiting around Alpha Centauri, 
the way we are here around the Sun. What would we 
see in the sky—what would the sky look like? This 
makes very clear the model that I am talking about. 
Well, you no longer see the Moon, you no longer see 
the Earth, Jupiter, or the planets, they are so faint that 
they can never be seen from the distance of the star. But 
all the stars are so far away that even moving to Alpha 
Centauri would not change the pattern of the fixed 
stars noticeably. Nothing would be different, barring 
technical measurements of great sensitivity, except for 
one thing. The constellation Cassiopeia, which looks 
like an M or a W, as can be seen on summer nights, 
low on the north, would be different. Another star 
would be the sixth star among the five stars of the M or 
W, about as bright as all the others. How could we 
have added another star, by just moving over to Alpha 
Centauri and looking at the night sky? All the 
constellations are directly recognizable. Conscientious 
stargazers will say, ‘Yes, I see Taurus, I see Orion, I see 
the Dipper, I see Sagittarius, I see Capricorn, but one 
constellation that I see different, Cassiopeia, has 
another star in it.’ What do you think that star is? The 
answer is clear but hard to think of. That star would be 
our Sun, because from Alpha Centauri, our star is 
projected against Cassiopeia, and our Sun is so far 
away from Alpha Centauri that it is no brighter than 
the stars in the constellation Cassiopeia. So you simply 
see another star in the constellation Cassiopeia just by 
translating to the nearest star. So that’s really the nub 
of the situation. You can’t see the Earth or planets, no 
Delhi, no oceans. All you would see is the faint light of 
the Sun, a star like other stars, among the thousands of 
stars that we see there. Some are brighter than the 
hundred million stars that you would see if you turned 
a big telescope on the sky, from either here or from 
Alpha Centauri, looking all just the same, with a few 
tiny exceptions that the astronomers would be able to 
tell you about. But once I tell you that a tremendous 
conviction I think will come upon you. You cannot be 
alone. 

What would it be like, if we lived among one of those 
stars in the Pleiades, if we lived way out there among 
those millions of stars? The Sun is then just one of 
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huildreds of millions of stars and all that we have and 
all that we hold and all that we have done has dis¬ 
appeared in the distance. We are just another star. The 
slightest degree of empathy, of putting yourself in 
another’s place, I think, should make you realize that, 
maybe as we look at the stars, there may well be among 
them planets and Delhis and oceans and everything 
else. 1 don’t say that there surely are, but I can’t say 
either that there are not. Then you ask the question, 
‘Are there many stars?’ You say, ‘Yes.’ There are 200 
million stars, just taking those that are close twins to 
the Sun, that have the same behaviour as the Sun. Then 
you begin to ask more technically the question, what is 
it that makes our life possible near the Sun and what 
do we derive from the Sun? 

The Sun of course provides the pull that keeps the 
Earth steadily in orbit. So you must have a planet, and 
you must have a star. The star must provide enough 
heat, so that the planet is not frozen, so that water 
could exist, things move. Above all the Sun must last 
for a long time, because the evolution of life is no 
overnight proposition. We know there were all those 
forms for 3 billion years. Of course you don’t know the 
time everywhere—it might be 1 billion years, it might 
be 5 billion years—but you can hardly imagine things a 
million times faster. So you want a stable star. 

You need material, of course. What is the material of 
life? It is the same material as the stars—carbon, 
hydrogen, nitrogen, phosphorus, sulphur, iron, sodium, 
potassium, magnesium. All these atoms on their own 
are the most abundant and central atoms of living 
forms. But there are also clustered atoms that we see in 
the atmosphere of the Sun and in all the stars that we 
have measured, hundreds and thousands of them, in the 
molecular form. In the cold depths of space, where 
matter is refrigerated, they can gradually collide and 
become more complex, refined, remarkable substances, 
such as ethyl alcohol or long carbon chains. With the 
requirements of energy and collision, they have been 
simply built up, given the laws of chemical binding. 
These are the same kinds of molecules we used to 
regard as solely the products of living forms. That is 
not true. Atoms like to come together and when they 
can, they will build up gradually, not the complex 
intricacies of life, but the simpler matter of molecular 
chemistry. Of course, it requires time, as I said 300 or 
400 million years. A star must be stable under those 
circumstances. With all those conditions, if a single, 
stable, warm star becomes too bright, it can’t last. If it 
becomes a faint star (faint stars are more common than 
bright stars), then it can hardly do because it needs 
enough warmth to make something like life. The planet 
must not be so close to the star that its orbit becomes 
endangered and instabilities of the star affect the planet. 
If you make these calculations it turns out that there is 
a domain, that is stars rather like our Sun are very 
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favourable. Which is not unreasonable. 

Now, of course this is a very unimaginative argu¬ 
ment. Could there be other forms of life that don’t 
require planets, that don’t require water, that are made 
of silicon carbide? I don’t know. Nobody knows. It 
doesn’t matter. All we do is add to the argument, we 
don’t take anything away. And I would like to argue 
from what we know, which is not very much. Only by 
analogy, can we argue that most biochemistry seems to 
depend on water and hydrogen bonds? If there is 
something else, fine, but we will take as a minimum that 
we are looking for those places which might have this. 
After all, water is remarkably abundant. It is made of 
two of the three most abundant atoms in the universe, 
which we find in every star. So there is no need to 
search for weird items. They might be real, they might 
be interesting, they might be important, but they don’t 
do more than augment and strengthen the argument 
that I am making. We have not yet seen- for sure even 
one planet near another star. Slight variations in the 
apparent positions of certain nearby stars suggested 
unseen forces pulling on those stars which could only 
come from planets, too faint to see from a great 
distance but perhaps as big as Jupiter or a few times 
bigger. Nowadays, the work of a computer and effort to 
reproduce these data have shown that in fact it’s 
probably wrong. That method was not good enough. 

But only in October 1988, in Baltimore and in 
Toronto, we had the first reports of the probable, not 
yet confirmed, discovery of planets around some distant 
stars. Two groups, one from Victoria observatory in 
Canada—Dr Garrison and his co-workers—using very 
subtle spectroscopic means, looking not for the position 
change, but for the speed changes of stars, and another 
group from Harvard, doing the same thing, reported 
that they had evidence of heavy planets around cer¬ 
tainly two or three stars, and maybe as many as 
eight or ten. We had earlier known that there are dust 
rings around some stars. That was as close as we could 
get to seeing planets. I look forward to the launching of 
the space telescope into orbit in 1990 as it contains 
photographic capabilities which may show such planets 
directly as little spots of light. It’s very hard to do it, 
because the planets shine by reflected light as a tiny 
spot against a gigantic star. You can’t see the planets in 
the daytime, when the Sun is up, nor can you see the 
faroff ones with a telescope because the star is so bright 
you can’t see the planets. There is a special means to 
blot out the star’s image and show only the reflected 
light, and that way we may succeed. But until then we 
have to rely upon these tiny indications. I think by next 
year they will be confirmed or excluded. It would be 
very exciting to find for the first time that we have 
other planets in the universe. We do not know that 
now, we couldn’t tell you if all the stars like the Sun 
have planets; or if only one, our Sun, has planets. We 
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really couldn’t tell you that for sure. But of course, any 
optimist, I think, would take the view that if there are 
200 million stars just like the Sun, not double stars, 
stable, they do all the same things, then why should 
they not have planets? We cannot answer that fully 
because we don’t really know the origins of planets very 
well. We used to think that planets were made by rare 
stellar collisions; that is pretty well excluded. We now 
know that they were probably made in the same act 
that forms the star itself. If it’s true, then probably 
planets are very common. I myself tend to take that 
view, but I can’t be sure. However, that’s only the first 
step. 

Now, it would be nice to know more about the 
planets, but it’s very hard to do. You say, let’s send a 
probe. Well, maybe, but I explained that a probe takes 
100,000 years, and it’s very hard to direct. That would 
get you only to the nearest star. If you are looking for 
stars that bear planets, that bear living astronomers, 
then indeed we can do something better than sending 
probes. A probe anyway costs a billion dollars, and you 
have to wait for 100,000 years. But it only costs a 
dollar, in the energy language, to send a very long 
telegram to the nearest star by radio technology! That’s 
how powerful the radio technology is. As you all know, 
we have radios for a few hundred rupees that could 
listen to the whole world. The stations are not very 
expensive, they are in every town. 

Radios are powerful means of crossing space. 
Systematic study has demonstrated that nothing can go 
faster than radio or light speed. That is the fastest and 
most economical signal that can be sent across the 
depths of interstellar space. It passes through interstellar 
space, it passes with high speed, it requires the least 
energy. It’s not a mere matter of economics though 
that’s quite important, too, as you will see, because 
signalling to the stars is no mean trick. It’s important to 
be economical. Even the distant beings that are 
signalling to us (we hope) must be concerned about the 
economics and considerations of maintenance. They 
can’t waste energy either. But even if they could, there 
is another reason why they should do it economically. 

In order to find a signal that might be sent we must 
know something about it. The best way to know 
something about an unknown signal is to have that 
signal based on some significant property of the physics 
of the world—an economical way to send a signal 
that’s also elegant and aesthetic. Don’t make a wasteful 
signal, make an effective, efficient signal. We can figure 
that out, because what makes efficiency is the same here 
as among the farthest stars. The light and the physical 
nature of the medium between the stars govern what 
would happen. The signals that we know how to make 
that can go to the stars are limited. They can’t be of a 
very low frequency, for the gas between the stars 
absorbs that. They could be the extremely high-frequency 
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gamma rays or anything else: low-frequency radio, 
medium waves, short waves, microwaves, infrared, 
visible light, ultraviolet light, X-rays, gamma rays—we 
looked at each one systematically, not from the point of 
view of human culture, like when did we discover it? 
No, we know them all now. We know the whole con¬ 
tinuum and we ask which one has the least com¬ 
petition among the stars—as we say, the best ratio 
of signal to noise, because then you are sending a 
signal. If you are trying to shine a light from the Earth, 
you have a very hard time because the light of the Sun 
is so much more important that far away nothing we 
can do can make the slightest important disturbances 
to the total sunlight. It will be drowned out in the Sun’s 
starlight. So, visible light is no good. Even powerful 
lasers are hardly valuable, compared to the bright stars. 
They’re not as powerful. But equipment in a few places 
in the world—the Arecibo dish and a couple of other 
radio astronomy centers—can now make a signal, 
using their dish and their existing transmitter. That 
signal is not like the Sun, which sends its light in all 
directions and at all frequencies. They focus is one 
direction to a star, and in one narrow band on a radio 
dial tuned very sharply. With those two forms of 
concentration, the signals that we could make could 
reach right across to the stars, hundreds or thousands 
of light years out into space with a signal strength 
stronger than the radio signal from the Sun, i.e. the 
natural signals from the Sun. That’s the marvel of radio 
technology. We can’t compete in bright light, we can’t 
compete in a great many ways. But strangely enough, 
by focusing our attention on one narrow band and on 
one narrow direction we can outshine the Sun toward 
any receiver lucky enough to be pointed at us and 
tuning at the right frequency. 

That of course is the basis for the search for com¬ 
municative civilization among the stars. I will only add 
a few more points. First, we will probably not send, we 
will receive. Why? Because receiving is inconspicuous 
and cheap compared to noisy and energy-demanding 
sending. We are expert receivers and very poor senders 
across the prodigious depths of space. So we have 
elected for many years, and probably for many years to 
come, to try receiving and not to send. (I will come 
back to one difficulty over that.) We are after all only 
amateurs in this game. We first began to understand 
the possibility only thirty years ago, after 3 billion years 
of evolution. We have known about radio technology or 
microwave technology for forty years—that’s a very 
small fraction of time, a blink of an eye. When a 
hundred years or a thousand years, or a million years 
or even a billion years have dawned on us, maybe it 
will be different. In any case there are many of us who 
think that we have the most adaptive technology; that 
is very unlikely. I suggest you question those persons 
who think that we will have infinite technology, do 
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anything shine, like a whole galaxy. It is not true; you 
see evidence of that. We have had false alarms of that 
kind, but nobody believes that. I believe that all our 
dreams of our general search are limited to a broad 
range of capabilities, as much greater than our own as 
we are much greater than the hunters in the Kalahari 
desert who wander in little bands of 20 people around 
their world and live by hunting. We can do more than 
that, a great deal more, and we can do a great deal 
more in another hundred thousand years. But we won’t 
wholly transcend what they can do. 

We all have something. They have fire, we have fire; 
they depend on the Sun, we depend on the Sun. T 
believe we all remain in equivalent times. The finite 
resources of the Earth and the planetary system are 
heavy constraints on our economic capabilities. I do 
not think we will ever shine like the Sun, certainly not 
like the galaxy. We are looking for our counterparts; we 
expect them to be much more adept, much senior, 
much wiser, much better scientists than we are, and 
maybe they can maintain for a very long time a few, 
maybe many, signals looking for newcomers like 
ourselves. That’s what we are looking for. By now, 
maybe a hundred different groups in about ten 
countries in the past thirty years have developed a 
poineer effort in this domain. Nobody has had a 
strongly dedicated system, a fine receiver, a heavy 
computing capability. Rather they tried looking two 
months at this place and one month at that place; some 
have even simply parasitized. That is very clever, 
because radio telescopes are often not being used for 
any experiment, you know. They lie pointing out at the 
sky, quite still, and nobody is working on it. They’ve 
gone home, they are asleep, or they are working on the 
calculations. For the moment the dish is not being used. 
Well, some of these clever fellows have managed 
automatic systems that use a telescope when it’s not 
being pointed at anything else, when it’s standing still 
and not being used, to search the sky. Of course it’s not 
very helpful, because it’s entirely a random survey; you 
don’t know when you are going to look at the sky, but 
of course the telescope scans the sky as the Earth turns. 
Finally they do get some kind of criss-crossing. They 
don’t know what frequency they can have next week: 
they can’t choose anything. But of course they don’t 
spend any money either! 

That is not clean enough to make a search among 
200 million Sun-like stars, among all the possible 
directions in the sky, focusing in each direction, among 
all the possible times that some signal is being sent our 
way, and, above all, among the many points in the 
radio dial. You might say, maybe there are an infinite 
number of positions on the dial. Let me point out that 
the narrower the band on the dial that you are using in 
your radio station, the less energy you need to make a 
signal of a given strength in that narrow a band. So you 
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say, well, the narrower I make it the more energy I save. 
The best answer is to make it infinitely sharp. And 
then I have a huge number of places to search in. That 
does not work. So here is the nature of the argument 
we make: We look at the physics of the gases in space, 
to learn how they drift around a bit. They will perturb 
every signal and give every very sharp radio station a 
little messy width. There is no point—they know it as 
well as we do—in sending out a signal that will be 
messed up by space. Prepare your signal already about 
as wide as what space can transmit; that’s the 
minimum, the best you can do. That has led up to the 
kind of search we are making. So we look for 
significant frequencies, significant widths, significant 
directions, (we have many gases, we don’t know a 
unique answer) as the means for exploration. 

Since 1960 that has been done. We point, we listen, 
we tune again in frequency, again and again and again. 
It’s like seeking a needle in a haystack. Since the time of 
1960^-62, when we first began to think about these 
things in some detail, it seems we have gotten little 
better. The dishes, the big bowls you see in the pictures, 
have gotten only a little better. Do you know the 
Arecibo dish still remains the largest dish in the world 
after these nearly thirty years? That’s amazing, but true. 
But what has changed we all know, the biggest change 
in any scientific technology. Everybody knows what it 
is. It is computing. Sixty years ago, there were no 
computers. Thirty years ago, the computers were rare, 
expensive, touchy items that a few airlines and 
laboratories had. Nowadays, they are everywhere, they 
are cheap and marvellous. The power you can get in a 
500-rupee calculator is the power which in the fifties at 
Cornell occupied a whole room and was the delight of 
the university! It cost hundreds of thousands of dollars 
then. Exactly that same thing has entered the radio 
telescopes, and what does it do for you? It doesn’t make 
it more sensitive, it doesn’t make it better able to point, 
it doesn’t make it better able to listen to weak signals, 
but it does one wonderful thing. It enables you to 
sweep the signals out over many channels at once. 

At Stanford now, John Linscot has made ‘silicon 
engines’ (he has already sold one to NASA)—a receiver, 
capable of tuning to 20 million independent channels of 
radio signals all at once, each one carefully read and 
separately printed out, if you like. If you see anything in 
any channel different from the random noise in any of 
the channels it will tell you. It will tell you the 
probability of that difference, and it will show you what 
kind of signals are there in that channel. With that, we 
have a possibility of eventually searching all the bands 
and all the directions you can think of, and sweeping 
over the entire possible domain of all those signals. 

This is proceeding in two places, so far only two. In 
one place, it is really a marvellous one-man proposition. 
Paul Horowitz, professor of physics at Harvard Univer- 
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sity, and his hard-working undergraduates and graduate 
students (with only 100,000 dollars from the famous 
cinema producer Spielberg) have made a kind of 
amateur set-up. Horowitz is known all over the world 
for his remarkable understanding of electronics. He has 
written the best book in electronics for scientists. He 
made the first of these multichannel detectors—an 
8-million-channel detector which runs on an oil-fashioned 
dish, a big one that stands and looks at the sky, though 
abandoned by Harvard long ago. It was abandoned 
because the bearings broke down. These are heavy 
objects; the weather is bad for them and, after a while, if 
they are not up-to-date, they are not worth refurbishing. 
They lose the capability of pointing. My wife says 
cleverly that the Harvard dish has the possibility of 
saying ‘yes’ but not ‘no’, it can only nod and not turn. 
But of course if you nod it’s good enough if you are 
patient, because the Earth turns. So, you sweep the sky 
day after day. Every morning a neighbour comes in to 
move the dish one half of a degree. Then you scan the 
sky again for a day and then again and then again. The 
equipment calls up Prof Horowitz ten miles away at 
Harvard University everyday and says, nothing exciting 
today, here is a list of what we saw. The computer 
prints it out. He has it in his office, a very beautiful 
automatic detector. Of course it’s not a very big dish 
and it does not have a very tight beam; it’s primordial if 
you like. But it is really happening, after two or three 
years of searching at certain bands of frequencies, 10 
million channels at a time—a very wonderful thing. His 
search has done more in its first ten minutes than all 
previous searches did before that! 

Now, NASA, after a long, long soul-searching, has 
received a promise that it be enabled to use big dishes 
with still better electronics, to search the sky in two 
different ways. First, they will point and look for a very 
long time, in many wave bands, at each of the 800 
nearby stars like the Sun that we know about. That’s 
only 800 and it may take them 800 days or 1600 days 
or so to do it. Then they will look around the sky the 
best way you can at many, many frequencies. Each 
hour they search is like a month of Horowitz searching. 


So things will improve. 

But it is a slow process, like looking for a needle in a 
haystack. I do think it’s worthwhile, because of only 
one question. Are we alone? Of course, intelligent 
beings may not have radio transmitters, may not care 
about us, may not send a signal our way. Why should 
they? But if they do, and I assure you there are persons 
on the Earth—I am one of them—who would do so if 
they could. They may have done it too from time to 
time, not perhaps all the time, but now and again when 
they get the idea to do this which is so easily possible 
for them. It’s not quick; it is searching for a needle in a 
haystack. You can’t just walk up and grab a handful of 
hay and search it for two minutes and announce: no 
needle in the haystack! That’s not the way to do it. You 
must meticulously search and search and search. We’ll 
take decades, maybe centuries. Many people have 
entered the game, and more will continue to do so as 
time goes on. But what I think about it is that it is a 
new kind of archaeology; it is, if you like, the 
archaeology of the future. It is quite likely that, if we 
ever find such beams, they represent what we are 
headed toward in some way. We know what a spade is 
for the archaeologist. We know also that archaeologists 
know no sure things. You may dig and find a little bit 
of dirt, or you may dig and find a wonderful monument. 
We are doing the same thing, but our spade is the radio 
telescope. Our archaeology is the archaeology of the 
future. But if we find something, we may be very 
impressed by it. It might guide us in many ways. If we 
find nothing, that too is important, as it suggests that 
the archaeology of the future is not going to contain us, 
unless we behave well, try to live together and make the 
world as good as it can become. I do not know whether 
we’ll succeed or not, but I think If you are told what 
will happen in the future, you might review all that. 
And you have a spade, not too expensive indeed, not a 
gigantic worldwide project, but a few astronomers, in 
each country. We can support it. It seems to me that we 
should acquire materials, lake the spades, and dig. 
That’s what I have to say about the search for extra¬ 
terrestrial communication. 
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Role of RNA cofactor of PhrA photolyase from 
E. coli in its binding with UV-irradiated DNA 

Naresh C. Verma, Vidyasagar S. Hejmadi and Madhusoodan V. Hosur* 

Radiation Biology Section, *Neutron Physics Division, Bhabha Atomic Research Centre, Bombay 400 085, India 


RNA cofactor of PhrA photolyase has been digested with 
pancreatic RNase in the presence of either UV-irradiated 
or unirradiated DNA. Binding of photolyase with UV- 
irradiated DNA protects the RNA cofactor against 
digestion with RNase. The results are explained by 
building a theoretical model of a ten base-pair long DNA 
duplex with a thymine dimer in the middle. A qualitative 
model for the structure of the photolyase: UV-irradiated 
DNA complex has been proposed which is consistent 
with the functional properties of the enzyme. 

The PhrA photolyase (EC 4.1.99.3), a photoreactivating 
enzyme from E. coli, monomerizes cis-syn cyclobutane 
type pyrimidine dimers in UV-irradiated DNA, in the 
presence of visible light (350-600 nm)^ The photo¬ 
reactivation involves two steps: first, the formation of a 
complex of photolyase with UV-irradiated DNA at the 
dimer site and second, the monomerization of the dimer 
on exposure to visible light and subsequent release of 
the photolyase from DNA. PhrA photolyase consists of 
an apoprotein of about 36,000 daltons and a non- 
covalently bound RNA (10-15 bases long) as the 
cofactor^. Although the role of RNA cofactor is not 
completely understood, its removal by digestion with 
pancreatic RNase^, by adsorption on activated char¬ 
coal^, or by prolonged dialysis'^ results in the loss of 
enzymatic activity. Furthermore, Hejmadi and Verma'’ 
have shown that in the absence of the RNA cofactor, 
the apoprotein of PhrA photolyase binds irreversibly 
and non-specifically with both UV-irradiated and 
unirradiated DNA. In this study we present evidence 
for the involvement of the RNA cofactor in the binding 
of PhrA photolyase with pyrimidine dimers bearing 
DNA. A model of a ten-base-pair long DNA duplex 
with a thymine dimer (T[]T) in the middle has been 
built to elucidate the nature of binding of the 
photolyase with UV-irradiated DNA. 

Methods 

Enzyme purification and assay 

The enzyme was isolated and purified from an 
overproducing strain W3350(AcI857S7D-^J) of E. coli 
by the method of Snapka and Sutherland^. The activity 
of PhrA photolyase was assayed by transformation 
assay using DNA with streptomycin resistance marker 


(isolated from H. influenzae) as described earlier^. For 
in vitro photoreactivation, samples containing 350 ng 
DNA and 2 jag photolyase in 0.51 ml TED buffer (Tris- 
HCl, pH 7.2, 1 mM EDTA, 1 mM dithiothreitol) were 
exposed to 1000 W mercury vapour lamp for 60 min at 
37°C. 

RNase treatment 

To digest the RNA cofactor, 10 pi RNase solution 
(1 mg/ml in TED buffer, heat-treated for 5 min at 80°C) 
was added in dark, to 100 p\ photolyase solution (2 pg 
protein) either before or after mixing with 100 pi DNA 
solution (containing 350 ng either UV-irradiated or 
unirradiated DNA). The digestion was terminated after 
15 min by adding 300 pi of RNase inhibitor (Sigma 
7253). 

Molecular model for UV-irradiated DNA and RNA 
cofactor 

Molecular modelling was done on the VG3400 graphic 
terminal controlled by a PDF 11/34 (DEC, USA) 
computer, using the software package FRODO^. 

UV-irradiated DNA: We have assumed that the 
geometry of dimerized thymidylyl(3'~5')thymidylate 
(TpT) in crystal represents the geometry of the 
photodimer in UV-irradiated DNA^. Using the atomic 
coordinates of TpT we have generated the complemen¬ 
tary strand ApA to obtain the dimerized duplex 
(TpT* ApA) as follows. The thymine base of a Watson- 
Crick T* A base pair in B-DNA geometry® was fitted by 
least squares method, in turn, to the thymine at the 5'- 
and 3'-ends of TpT dimer to obtain the trial 
coordinates of complementary adenines. However the 
N 9 atoms of adenines in these positions were too far 
apart (9.4 A compared to 4,5 A in B-DNA) to be 
spanned by the sugar-phosphate backbone. We could 
achieve backbone connectivity of these adenines by 
making the base-pair at the 3'-end of the dimer to be of 
the reverse Watson-Crick type. The ApA strand was 
then regularized for stereochemistry using the proce¬ 
dures described by Herman and McQueen^. This dimer 
duplex (TpT-ApA) was extended, in stages, in both 
directions by adding and regularizing B-DNA fragments 
of desired sequence. The model thus built was of the 
sequence [d(GCGTT[p]TTGAC)d(GTCAAAACGC)]. 
The complete model was then subjected to two cycles of 
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idealization using restrained least squares refinement 
procedures of Hendrickson and Konnert^® imple¬ 
mented in the programme NUCl SQ^^ In this refine¬ 
ment the structure of the dimer T[]T was held fixed 
and the interstrand hydrogen bonding was maintained. 

RNA cofactor: Although the RNA cofactor of photo¬ 
lyase is known to be 10-15 residues long^^, we believe 
that only a small non-helical portion interacts with UV- 
irradiated DNA and the rest of the RNA cofactor binds 
with the photolyase apoprotein. We have therefore built 
a model of only 4 residues long segment of the RNA 
cofactor. In the absence of any structural information 
about RNA cofactor, we have assumed a sequence 
GGAG for the 4 bases in the fragment of the RNA 
cofactor. However this assumption is not expected to 
seriously affect the results. 

Results 

To understand the role of the RNA cofactor, attempts 
were made to digest the RNA cofactor by treating the 
photolyase with pancreatic RNase under three different 
conditions, (i) Before binding with either UY-irradiated 
DNA or unirradiated DNA, (ii) After binding with 
UV-irradiated DNA, and (iii) After mixing with 
unirradiated DNA. The effect of RNase treatment on 
the activity of photolyase was studied by the transform¬ 
ation of str DNA in H. influenzae strain wrr-l, which is 
sensitive to streptomycin and also lacks the repair 
mechanisms for UV-damage in DNA. The results of 
transformation are given in Table 1 as per cent survival 
of str marker in different sample conditions taking the 
value for unirradiated and untreated DNA (control) as 
100% (sample 1). All the samples except 1 and 2 were 
photoreactivated for 60 min at 37‘'C, Various additions 
were made in the same order as given in the table. The 
UV-irradiation of str DNA reduced the str survival to 
10% (sample 2) which on photoreactivation with 
photolyase increased to 91% (sample 3). In sample 4, 
photolyase was first treated with RNase for 15 min in 
the dark. The digestion was terminated with RNase 
inhibitor before binding with UV-irradiated DNA and 

Table 1. Effect of RNase treatment on PhrA photolyase 
in the absence and presence of either UV-irradiated or 
unirradiated str DNA as studied by transformation in 
_ H. influenzae uvr-1. 


Sample description’*' 

Str survival (%) 

N-DNA 

100 

UV-DNA 

10 

UV-DNAH-PhrA-P 

91 

PhrA-f+ RNase H- RNasel + UV-DNA 

7 

P)irA-P+UV-DNA -H RNase H- RNasel 

91 

PhrA-P -1- N-DNA + RNase -t- RNasel 

7 

RNase -t- RNasel -1- N-DNA 

* _ A r* a 1 . . ^ . 

>99 


*P/iry4-P, PhrA photolyase; N-DNA, unirradiated DNA; 
UV-DNA, UV-irradiated DNA. 
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subsequent photoreactivation. In this case the survival 
was reduced to 7%, suggesting the loss of photoreacti¬ 
vating activity of the photolyase due to digestion of its 
RNA cofactor. However, when the photolyase was 
allowed to bind with UV-irradiated DNA before the 
RNase treatment, the survival of str marker was 91% 
(sample 5). Obviously the binding of photolyase with 
UV-irradiated DNA protects its RNA cofactor against 
digestion with RNase. This protection is completely lost 
when the UV-irradiated DNA is replaced with 
unirradiated DNA (sample 6). Sample 7 shows that 
RNase and RNase inhibitor alone do not affect the 
efficiency of transformation. These results suggest that 
the binding of photolyase with UV-irradiated DNA is 
such that the RNA cofactor gets sandwiched between 
the protein part of the photolyase and the pyrimidine 
dimer site of the UV-irradiated DNA thus becoming 
inaccessible to RNase. 

The nature of interaction between RNA cofactor and 
the pyrimidine dimer site would depend on the 
deformations introduced in the structure of DNA by 
the presence of pyrimidine dimers. Husain et al}^ have 
experimentally shown that the UV-irradiated DNA is 
bent by approximately 30° at the pyrimidine dimer site. 
A kink of 26° at the dimer site was also predicted by 
Pearlman et in their energy refined theoretical 
model, which also predicts a slight unwinding of the 
helix at the dimer site (the helical twist being 23.6°). 
However, this model is based on the crystal structure of 
dimerised 1,3-dimethylthymine (DDMT) which has the 
cyclobutyl ring similar to the one in pyrimidine dimer, 
but lacks the connecting sugar-phosphate backbone^^ 
Pearlman and coworkers had assumed B-DNA geome¬ 
try for these phosphodiester bonds. However this 
assumption is not justified in view of the recent work by 
Cadet et alP on the crystal structure of dimerized 
thymidylyl(3'-5')thymidylate (TpT), which contains 
both the cis-syn cyclobutyl ring and the sugar-phosphate 
backbone. In this structure the relative orientation of the 
dimerized bases and the conformation of the phosphodi- 
esters are radically different from that used by Pearlman 
et al Therefore we have used the atomic co-ordinates of 
TpT in crystal and built a model of a ten base-pair long 
DNA duplex with a thymine dimer T[]T in the middle 
using the method described earlier (Figure 1). Our 
model also predicts a kink of 26° at the dimer site in 
agreement to Pearlman et al. However, in contrast to 
+ 23.6° in their model, a helical twist of - 29° is 
predicted in our model. This negative helical twist, 
accompanied by the unusual phosphodiester conforma¬ 
tion, manifests itself in a gross destacking of the purines 
on the complementary strand opposite to the pyrimidine 
dimer. These destacked purines may serve as a target 
for the photolyase to selectively bind at the dimer site 
through stacking interactions with its RNA cofactor. 
Such an interaction would demand that the region of 
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Figure 1. Stereo diagram of decamer double-helical DNA structure having a sequence [d(GCGT[TT]TGAC)-d(GTCAAAACGC)] 
with a thymine dimer T[]T in the middle (solid lines) and part of the RNA cofactor (dashed lines) four residues long with a 
sequence GGAG interacting with DNA at the dimer site. The adenine of RNA cofactor is shown stacked on the destacked adenine 
on the complementary strand of DNA duplex opposite to T[]T dimer. 


the RNA cofactor which interacts with the dimer-site 
should also have destacked bases. Since RNA cofactor 
is known to have a partial double helical structure 
one of the destacked purine bases from its single 
stranded region may be a good candidate to stack on 
the destacked target purines on the UV-irradiated 
DNA as shown in Figure 1. These ideas are 
schematically represented in Figure 2. A number of 
factors support the stacking interaction proposed 
above. For example, this mode of interaction is 
sequence non-specific and as such would explain the 
ability of photolyase to bind at the site of pyrimidine 
dimers of all types, viz., T[]T, T[]C, C[]T and C[]C 
Appearance of a new absorption band at 350 nm and 
the hypochromacity observed at 260 nm on formation 
of the photolyase: UV-irradiated complexcan also be 
explained on the basis of such stacking interactions. It 
may be pointed out here that while making the model 
for the RNA cofactor we have assumed a sequence 
GGAG. According to our model the exact sequence of 
the RNA cofactor is not important so far as its binding 
through stacking interactions with UV-irradiated DNA 
is concerned. However, there may be other interactions 
(such as hydrogen bondings) in the photolyase:UV- 
irradiated DNA complex which may warrant specific 
sequence and geometry of the RNA cofactor. More 
experimental work is required to elucidate the exact 
structure of the complex. 

Although qualitative, the model proposed above 
explains the functional properties of PhrA photolyase. 
It is obvious from our model that photolyase can bind 
only to UV-irradiated DNA and not to unirradiated 
DNA or free pyrimidine dimers. The model further 
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Figure 2. Schematic diagram of PhrA photolyase: UV-irradiated 
DNA complex. The UV-irradiated DNA (3) is bent at the T[]T 
dimer site (4) with its destacked adenines interacting with the RNA 
cofactor (2) The protein part of the PhrA photolyase is shown as 
shaded area (1). 

predicts that any change in the structure of UV- 
irradiated DNA (such as breaking of phosphodiester or 
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iV-glycosyl bonds at the dimer site) which affects the 
destacking of purines at the dimer site will also affect its 
binding with photolyase. In fact, Sutherland and 
coworkers have shown that both the phosphodiester 
bonds internal to the dimer and the iV-glycosyl bond 
joining the pyrimidine base to the deoxyribose must be 
intact for the PhrA photolyase to act. Breaking of either 
of the above mentioned bonds will remove the 
constraints imposed by the connectivity via sugar- 
phosphate backbone. As a consequence, the pyrimidine 
dimer will become flexible and adjust to a geometry 
similar to that of the dimerized dimethylthymidine. The 
structure of DNA under these conditions will be similar 
to that described by Pearlman et al, which does not 
predict much destacking of the purines on the 
complementary strand. Therefore such a nicked DNA 
will not act as a substrate for the PhrA photolyase. 

The model proposed above is mainly based on the 
stacking interactions between a base of RNA cofactor 
and the destacked target purines, which is essential for 
the recognition of the dimer site by the photolyase. 
However, other interactions between photolyase protein 
and DNA and hydrogen bonding between RNA cofactor 
and DNA backbone may exist and stabilize the photo¬ 
lyase : UV-irradiated DNA complex. 
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Genetic variation in some wild populations of 
Drosophila busckii 

Ravi Parkash, Jyoutsna and J. P. Yadav 

Department of Biosciences, Maharshi Dayanand University, Rohtak 124 001, India 


Isofemale lines derived from two natural population 
samples of D, busckii were analysed through horizontal 
starch gel electrophoresis for genetic variation in nine 
gene-enzyme systems. Five autosomal loci code for 
dimeric APH, ODH, MDH, ME and AO phenotypes; 
as well as allelic variants are represented by segregating 
single-band variants. Complex ACPH patterns are 
controlled by a duplicate locus while polymorphic 
esterase loci code for monomeric enzymes. However, a- 
GPDH and ADH are controlled by a single locus each 
and homozygous strains depict epigenetic two-handed 
phenotypes. Data on genetic structure at sixteen 
polymorphic loci in two populations of D. busckii are 
discussed here. 
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Electrophoretic techniques have revolutionized the 
status of empirical studies in population genetics, 
systematics and evolutionary biology Electrophoretic 
banding patterns can be transformed into allelic and/or 
non-allelic genetic variations which are used to describe 
the genetic structure of natural populations^’Data 
exist on the extent of genetic variability in local, 
regional and continental populations of D. melanogaster 
but there is little information on D. busckii which is the 
only known species of the subgenus Dorsilopha^’^. The 
present paper reports the patterns of genic variations 
occurring at loci coding for glucose-metabolizing 
enzymes and other enzyme systems in two populations 
of D. busckiu 
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Methods 

D, busckii occurs in nature during December-February* 
Isofemale lines were established for populations 
sampled from Rohtak (Haryana) and Chandigarh 
(Punjab)^. Homogenates of single individuals were 
applied to a 12% horizontal starch gel slab (with a 
capacity of about 15 samples) and were run electro- 
phoretically at 250 V and 30 mA at 4°C for 4 h. The gel 
slices were stained for different enzymes'^. The genetic 
basis, the nomenclature of banding patterns and the 
calculation of genetic variability indices were followed 
from other sources®'The enzyme abbreviations 
include: alcohol dehydrogenase (ADH, E.C.1.1.1.1); acid 
phosphatase (ACPH, E,C3.1.3.2); alkaline phosphatase 
(APH, E.C.3.1,3.1.); octanol dehydrogenase (ODH, 

E. C. 1.1.1.73); malate dehydrogenase (MDH, E.C. 1.1.1.37); 
malic enzyme (ME, E.C. 1.1.1.40); esterases (Est, 
E.C.3.1.1.1); a-glycerophosphate dehydrogenase (a- 
GPDH, E.C. 1.1.1.8) and aldehyde oxidase (AO, 
E.C.1.2.3.1). 



Figure 1. Representation of starch gel electrophoretic patterns for 
nine gene-enzyme systems in single individual homogenates of 
D. busckii. Multiple zones of activity occur for APH, MDH and EST 
while all other enzymes are represented by a single zone of.activity. 
Single-band variants and triple-band patterns for APH, ODH, MDH, 
ME and AO represent homozygous and heterozygous genotypes. 
Three-banded and five-banded complex ACPH patterns are coded by 
a duplicate locus. Two-banded a-GPDH patterns are coded by a 
monomorphic locus. Arrow indicates the direction of current flow. 


Results 

Electrophoretic phenotypes of nine gene-enzyme systems 
are represented in Figure 1. Multiple zones of activity 


Table 1. Genetic control of electrophoretic phenotypes at polymorphic enzymatic zones in D. busckii. 


SI. 

No. 

Zone 

Genetic 

crosses 


Enzyme phenotypes 



Sample size 

Testing the 
Mcndelian ratios 


FF 

FS 


SS 

1. 

ACPH 

SSxSS 


— 

— 


7 


7 

— 




FSxSS 


■— 

8 


10 


18 

1:1 

0.22 

2. 

EST-5 

FSxFS 


4 

7 


5 


16 

1:2:1 

0.37 



FSxSS 


— 

10 


12 


22 

1:1 

0.18 



FFxFF 


12 



■™” 


12 

. 

. 

3. 

ADH 

FSxFS 


5 

11 


8 


24 

1:2:1 

0.91 



SSxSS 


— 

.— 


14 


14 

— 




FFxSS 


— 

30 


— 


30 

-- 


4. 

ODH 

FFxFF 


26 

— 


— 


26 





FSxSS 


— 

4 


6 


10 

1:1 

0.40 



FSxFF 


18 

14 




32 

1:1 

0.50 

5. 

MDH-1 

FFxFS 


14 

16 


— 


30 

I: I 

0.13 



FSxFS 


7 

18 


11 


36 

1:2:1 

0.88 



SSxFS 



8 


12 


20 

1:1 

0.80 

6. 

ME 

FFxFS 


3 

5 


— 


8 

1:1 

0.50 



FSxFS 


4 

9 


3 


16 

1:1 

0.37 



SSxSS 



— 


15 


15 

— 

— 




FF 

MM 

SS 

FM 

FS 

MS 




7. 

EST-2 

FFxMM 

— 

— 

— 

17 

— 

—. 

17 

— 

_ 



MSxMS 

— 

8 

10 

— 

— 

22 

40 

1:2:1 

0.60 



FSxFS 

4 

— 

8 

— 

12 

— 

24 

1:2:1 

1.32 



MMxFM 

— 

8 

— 

10 

— 

— 

18 

1:1 

0.22 

8. 

APH-3 

SSxFM 

— 

— 

— 

— 

14 

18 

32 

1:1 

0.50 



SSxMS 

— 

— 

9 

— 

— 

11 

20 

1:1 

0.20 



FMxFM 

3 

4 

— 

5 

— 

— 

12 

1:1 

0.49 



MMxSS 

__ 

— 

— 

— 

__ 

9 

9 



9. 

AO 

FFxSS 

— 

— 

— 

— 

17 

— 

17 

_ 

__ 



FSxFS 

3 

_ 

5 

— 

8 

— 

16 

1:2:1 

0.50 



FSxSS 

— 

— 

4 

— 

6 

— 

10 

1:1 

0.40 


*Non significant at 5% level. SI. no. 1 to 6 represent diallelic loci while SI. no. 7 to 9 refer to triallelic loci. F, M, S represent fast, 
medium and slow segregating electrophoretic variants (allozymes); FF, MM and SS refer homozygous genotypes while FS, MS 
and FS represent heterozygous genotypes. 
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occur for three enzymes (APH, MDH and EST) while all 
other enzymes are represented by a single zone. The 
banding patterns at different zones are independent of 
each other. Gel slices stained for esterases revealed five 
zones of activity. The EST-2 and EST-5 zones are 
represented by segregating single-band variants and two- 
band patterns while other non-segregating EST zones 
are monomorphic. Genetic crosses revealed that segre¬ 
gation patterns of esterase bands at polymorphic zones 
agree with monogenic inheritance (Table 1). However, 
a single polymorphic zone each for AO, ODH, MDH-1, 
ME and APH-3 is represented by segregating single¬ 
band variants and three-band patterns. Genetic crosses 
between individuals with triple-band and single-band 
patterns produced about equal proportions of offsprings 
with electrophoretic phenotypes like the parents. Thus 
the segregation ratios of electrophoretic phenotypes for 
these enzymes were found to agree with monogenic 
Mendelian inheritance (Table 1). The banding patterns 
did not vary with sex and thus the enzyme phenotypes 
are coded by distinct autosomal loci. The single-band 
variants and triple-band patterns at each segregating 


zone represent homozygous and heterozygous genotypes 
respectively and such enzymes are dimeric in nature. 

Complex ACPH patterns in D. busckii include three- 
banded and five-banded patterns. ACPH being dimeric 
molecules, the occurrence of triple-banded patterns in 
long term in-bred laboratory strains could only be 
interpreted on the basis of a duplicate locus. However, 
this suggestion needs to be verified by dissociation- 
reassociation of ACPH isozymes. A single monomorphic 
zone of a-GPDH is represented by two-banded patterns 
while the single ADH zone depicted segregating patterns 
of two-banded and three-banded phenotypes in single 
individuals. Genetic crosses . involving different two- 
banded ADH patterns resulted in three-banded patterns 
in Fi and a segregation ratio of 1:2:1 in F 2 (Table 1). 
Thus, ADH and a-GPDH constitute conformational 
electrophoretic phenotypes and are under the indepen¬ 
dent control of a single locus each. 

The data on distribution of genotypes, allelic frequen¬ 
cies; the observed and expected heterozygosity, Wright’s 
fixation index (/) and log-likelihood t^st for fit to 
Hardy-Weinberg expectations at nine polymorphic loci 


Table 2. Data on distribution of observed and expected genotypes, allelic frequencies, heterozygosity, effective number of alleles (nj, Wright’s 
inbreeding coefficient (/) and G-values for log-likelihood test for fit to Hardy-Weinberg expectations at six loci in two natural populations 

of D. busckii. 





Genotypes 


Sample 

size 

Allelic Freq. 

Heterozygosity 




Locus 

Populations 

FF 

FS 

SS 

F 

S 

Obs./Exp. 

ne 

/±S.E. 

G-values 

ACPH 

CHD 

0 

(0.53) 

18 

(16.47) 

128 

(129) 

146 

0.06 

0.94 

0.123/0.113 

1.13 

-0.09 ±0.01 

1.20 


RTK 

0 

(1.25) 

23 

(20.17) 

80 

(81.58) 

103 

0.11 

0.89 

0.223/0.196 

1.24 

-0.14 ±0.02 

2.91 

EST-5 

CHD 

20 

(19.03) 

44 

(46.53) 

30 

(28.44) 

94 

0.45 

0.55 

0.468/0.495 

1.98 

0.05 ±0.01 

0.27 


RTK 

18 

(17.42) 

44 

(44.35) 

28 

(28.22) 

90 

0.44 

0.56 

0.488/0.493 

1.97 

0.01 ±0.00 

0.04 

ADH 

CHD 

4 

(0.51) 

6 

(13.54) 

94 

(89.95) 

104 

0.07 

0.93 

0.057/0.130 

1.15 

0.56 ±0.03 

14,99* 


RTK 

4 

(0.36) 

4 

(11.28) 

92 

(88.36) 

100 

0.06 

0.94 

0.04/0.113 

1.13 

0.64 ±0.03 

18.39* 

ODH 

CHD 

14 

(11.56) 

40 

(44.88) 

46 

(43.56) 

100 

0.34 

0.66 

0.40/0.45 

1.81 

O.n ±0.02 

1.17 


RTK 

10 

(11.26) 

50 

(45.87) 

50 

(50.86) 

110 

0.32 

0.68 

0.454/0.435 

1.77 

-0.04 ±0.01 

0.27 

MDH-1 

CHD 

58 

(53.25) 

50 

(59.90) 

22 

(16.85) 

130 

0.64 

0.36 

0.384/0.461 

1.85 

0.17 ±0.02 

3.58 


RTK 

40 

(36.72) 

42 

(48.96) 

20 

(16.32) 

102 

0.60 

0.40 

0.412/0.48 

1.92 

0.14 ±0.02 

2.09 

ME 

CHD 

8 

(6.22) 

32 

(35.40) 

52 

(50.38) 

92 

0.26 

0.74 

0.348/0.385 

1.62 

0.09 ±0.02 

0.85 


RTK 

16 

(12.74) 

40 

(47.32) 

48 

(43.94) 

104 

0.35 

0.65 

0.384/0.455 

1.83 

0.15 ±0.02 

2.33 


’^Significant at 5% level; all other values are non-significant. F and S represent allelic isozymes (allozymes/electromorphs), FF and SS refer to 
genotypes homozygous for fast (F) and slow (S) allelic variants while FS refers to heterozygous genotypes. The numbers in parentheses refer to 
expected number of genotypes, (Exp. het. — l — Xxf); = 1/Exf;/ = (1 -obs. het/exp. het.). S.E. = Standard error. 

CHD, Chandigarh; RTK, Rohtak. 
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Table 3. Data on distribution of observed and expected genotypes, allelic frequencies, heterozygosities, effective number of alleles (nj, 
Wright’s inbreeding coefficient (/) and G-values for log-likelihood y} test for fit to Hardy-Weinberg expectations at three loci in two natural 

populations of D. busckii 



Popula¬ 

tions 



Genotypes 



Sample 

size 

Allelic Freq. 

Het. 




Locus 

FF 

MM 

SS 

FM 

FS 

MS 

F 

M 

S 

Obs./Exp. 

n. 

fdbS.E. 

G- 

values 

EST-2 

CHD 

6 

(5.70) 

27 

(21.87) 

9 

(8.33) 

18 

(22.33) 

18 

(13-78) 

21 

(26.99) 

99 

0.24 

0.47 

0.29 

0.57/0.64 

2.75 

0.10 i 0.02 

4.70 


RTK 

9 

(10.38) 

24 

(17.28) 

12 

(9.08) 

24 

(26.78) 

24 

(19.42) 

15 

(25.06) 

108 

0.31 

0.40 

0.29 

0.58/0.64 

2.78 

0.09 ±0.02 

9.39* 

APH-3 

CHD 

0 

(1.47) 

6 

(12.49) 

30 

(28.65) 

18 

(8.57) 

6 

(12.97) 

42 

(37.84) 

102 

0.12 

0.35 

0.53 

0.65/0.58 

2.39 

-0.11 ±0.02 

20.19* 


RTK 

2 

(1.50) 

4 

(10.29) 

26 

(25) 

15 

(7.87) 

4 

(12.26) 

38 

(32.08) 

89 

0.13 

0.34 

0.53 

0.64/0.59 

2.42 

-0.09 ±0.02 

18.89* 

AO 

CHD 

28 

(31.37) 

0 

(0.10) 

24 

(23.49) 

8 

(3.62) 

56 

(54.29) 

0 

(3.13) 

116 

0.52 

0.03 

0.45 

0.55/0.53 

2.11 

-0.05 ±0.01 

10.83* 


RTK 

28 

(28.57) 


32 

(33.53) 


64 

(61.90) 


124 

0.48 

— 

0.52 

0.52/0.50 

2.0 

-0.03 ±0.01 

0.15 


F, M and S represent allelic isozymes (allozymes/electromorphs). FF, MM and SS represent genotypes homozygous for fast (F), medium (M) and 
slow (S) allelic variants while FM, MS and FS represent heterozygous genotypes. Number in parentheses refer to expected number of genotypes. 
Exp. het. = 1 - E.xf; = !/£?;/= (1 -obs. het./exp. het.), ^Significant at 5% level; other values are non-significant. The positive and negative • 
values of Wright’s fixation index (/) indicate deficiency of heterozygotes and excess of heterozygotes respectively. CHD, Chandigarh; RTK, Rohtak. 
(Chandigarh: 30.43 N and 76,54 E; Rohtak: 28.94 N and 76.38 E). 


in D. busckii are given in Tables 2 and 3. Data on 
genetic indices (number of alleles, allelic frequencies and 
heterozygosity) for diallelic loci (ACPH, EST-5, ADH, 
ODH, MDH~1, ME) and triallelic loci (EST-2, APH-3 
and AO) have revealed similarity in genic diversity 
patterns in two natural populations of D. busckii 
(Tables 2 and 3). D. busckii populations are charac¬ 
terized by high heterozygosity at most of the 
polymorphic loci; and the range of heterozygosities 
observed at the various loci correlates well with the 
incidence of number of alleles as well as allelic 
frequencies distribution patterns. The higher values of/ 
at ADH locus in both populations indicate significant 
deficiency of heterozygous genotypes at this locus. The 
population samples of D. busckii have shown deviations 
from Hardy-Weinberg expectations at ADH, EST-2, 
APH-3 and AO loci out of sixteen loci analysed. 


Discussion 

A locus is considered polymorphic if the frequency of 
the most common allele does not exceed 0.99; 
accordingly all the nine loci in D. busckii populations 
examined are polymorphic^’^. The different gene- 
enzyme systems in D. busckii have revealed contrasting 
patterns of electrophoretic phenotypes. The occurrence 
of two-banded electrophoretic phenotypes of ADH and 
a-GPDH in homozygous strains of D. busckii signi¬ 
ficantly differs from the single-handed phenotypes (in 
case of APH-3, EST-2, EST-5, AO, ODH, MDH-1, ME) 
which represent allelic isozymes (allozymes). The 
present observations on ADH and a-GPDH concur 
with other reports that in NAD requiring dehydroge¬ 


nases, more than one electromorph (conformational i 
isozyme) may arise due to post-translational differential | 
binding of coenzyme NAD^^ \ 

Previous electrophoretic data on D. busckii are ij 

limited to a single study which revealed low amount of |l 

genic variation (i.e. P =0.166 and H = 0.044) in 
laboratory maintained stocks of US populations of this .j 
species**^ (Table 4). The present observations on the [! 
extent of polymorphic loci (P = 0.56 for both popu- f 
lations), allelic frequencies; and heterozygosity 
0.222/0.236 for Chandigarh (CHD) population and [ 

0.234/0.244 for Rohtak population) in D. busckii from j 

northern India differ significantly from those on US j 

populations (Table 4). The low amount of genic • 

variation (H = 0.044) reported for US laboratory popu- t 

lations of D. busckii could be due to extensive |' 

inbreeding in 2-10 year old cultures as well as 
operation of genetic drift resulting in fixation of alleles | 
at most loci. 

The mechanism for the maintenance of genetic i' 

polymorphism has been argued on the basis of .i 

selectionist or neutralist hypotheses^'^"^'^. According to : 

neutralist, the patterns of random genetic differences | 

between populations are expected while occurrence of [ 

v> 


Table 4. Data on genetic indices in D. busckii populations. 



Populations 

Genetic indices 

Chandigarh 

Rohtak 

No. of loci examined 

16 

16 

Average no. of alleles/locus 

1.75 

1.687 

Proportion of polymorphic loci (?) 

0.56 

0.56 

Heterozygosity (observed) 

0.222 

0.234 

Heterozygosity (expected) 

0,236 

0.244 


In US popultion of D. busckii, ? = 0.166 and //= 0.044 (c.f. ref. 5). 
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uniformity has been taken as evidence of operation of 
some type of natural selection. The present study 
revealed similar patterns of genic variation at nine 
polymorphic loci in two natural populations of 
D. busckii and this could be interpreted due to action of 
some type of natural selection (Tables 2-4). The present 
studies need to be extended to several ecogeographical 
populations of D. busckii to assess the extent of genetic 
variability in this species compared to the other 
colonizing Drosophila species. 
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Gasket-compression mechanism of 
pressure-pulse generation by low- 
velocity projectile impact on opposed 
anvil set-up 

A. K. Singh 

Materials Science Division, National Aeronautical Laboratory, 
Bangalore 560 017, India 

High pressure pulse is generated when a low-velocity 
projectile strikes a tungsten carbide opposed anvil system 
with pyrophyllite gasket and solid pressure transmitting 
medium. A possible mechanism based on the gasket- 
compression is proposed for generation of such pressure 
pulses. 

It has been shown recently^ that a high pressure pulse 
of short duration is produced in the gasket region when 
a low-velocity projectile strikes a tungsten carbide- 
opposed anvil set-up with pyrophyllite gasket and solid 
pressure transmitting medium. Both the amplitude and 
the duration of the pressure pulse depend upon the 
momentum of the projectile. The experiments with 
anvils of 12 mm diameter face indicate that the 
amplitude of the pressure pulse increases from 2 to 
6 GPa and the pulse duration from 280 to 380 ps as the 


momentum of the projectile (mass in the range of 
5-10 kg) is increased from 10 to 60 kg m s” ^ 

The pressure versus time data representing a typical 
pressure pulse as derived from the resistance-time data 
of a manganin gauge, are shown in Figure 1. Except in 
the small regions near the start and the peak of the 
pressure pulse, the pressure is found to increase linearly 
with time, the nonlinearity being <5%. The rate of 
pressure increase can be varied between 0.03 and 



Figure 1. A typical pressure pulse obtained under impact loading. Pm 
is the maximum pressure up to which the pressure increase is linear. 
The peak pressure is 10-15% higher than P„. 
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0.1 GPa (^s)”^ by varying the momentum of the 
projectile between 10 and 60kgms”^ 

During the impact, the projectile dissipates its kinetic 
energy mainly by two processes, viz. compression of the 
gasket and generation of elastic waves which propagate 
through the entire assembly of push-rod, anvils and the 
platens. The small fraction of the projectile energy 
which appears as audible sound energy may be 
neglected. The transfer of projectile momentum to the 
anvils is prevented as the lower anvil is backed by a 
massive platen (weighing -- 300 kg). 

The plastic compression of the gasket during impact 
plays an important role in the generation of pressure 
pulses. Under the impact of the projectile, the gasket 
flows radially and gets compressed axially, resulting in 
the force responsible for decelerating the projectile on 
impact. If the fraction of the projectile energy propa¬ 
gating as elastic waves in the anvils and the press is 
assumed to be small, then the instantaneous pressure, 
P{t) at the centre of the gasket is related to the rate of 
change of momentum of the projectile as follows, 

P{t)---iK/A)d{mv)/dt, (1) 

where m and v denote respectively the mass and the 
velocity of the projectile, and A the area of the anvil 
face. A consideration^’^ of the various forces acting on 
a gasket under static compression indicates that stress 
distribution is symmetric about the anvil axis and 
varies radially, peaking at the centre of the gasket. The 
radial stress gradient in the central region of the gasket 
(where the sample is located) is reduced by the use of 
solid pressure-transmitting medium. The pressure at the 
centre still differs from the nominal pressure calculated 
by simply dividing the force on the anvil by the anvil 
face area. The factor K is the ratio of the actual 
pressure at the centre of the gasket to the nominal 
pressure. The static pressure experiments indicate that 
K ^2.5 for the dimensions of the gaskets used in the 
present experiments. Further, K is found to remain 
nearly constant up to 7.5 GPa. On integrating both 
sides of equation (1) in the time interval wherein the 
pressure increase is linear, we get, 

P^^ilKIAtJifmvo). ( 2 ) 

The terms P^ and are indicated in Figure 1, and /is 
a fraction (< 1). The term fmvQ simply represents the 
change in momentum of the projectile, expressed as a 
fraction of the initial momentum, during time interval 

The continuous line in Figure 2 represents the best fit 
through the P^ versus momentum data obtained in a 
large number of experiments. The value of Pf„ increases 
linearly with projectile momentum initially, and flattens 
out at higher momenta. It appears that the fraction of 
the projectile energy transmitted through the anvils as 
stress waves increases with increasing momentum and 
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Figure 2. as a function of projectile momentum. Best fit through 
experimental data (1), and calculated values (2). 


consequently ceases to be proportional to the initial 
momentum of the projectile. The dashed line represents 
the best fit through the values of P^ calculated from (2) 
using the experimental values of and mvQ, and the 
appropriate values of K and A. Because of the practical 
difficulty in determining K under the impact loading, 
the measured value under static load has been used in 
calculating P,„. The possibility of K being different 
under impact loading and static loading for the same 
gasket dimensions cannot be ruled out; the difference, 
however, is unlikely to be so large as to invalidate the 
present discussion. The best fit between the observed 
and the calculated values of P^ in the 10 30 kg ms ^ 
momentum range is obtained with /—0.5. This means 
that the projectile loses about half its momentum by the. 
time the pressure reaches P^. The calculated value of 
P^ at higher momenta is consistently higher than the 
corresponding observed value, the difference between 
the two increasing with increasing momentum. This 
trend again suggests that as the projectile momentum 
increases, an increasingly larger fraction of the 
projectile energy is lost as elastic waves propagating 
through the anvils and the press. 

The gasket flow decreases with increasing static 
pressure and ceases at ^8 GPa, beyond which the 
compression becomes predominantly elastic^-The 
cessation of the gasket flow results in a significant drop 
in K. This means that a given increase in pressure in 
the region of elastic compression requires a much larger 
increase in the applied load than if the gasket 
underwent plastic compression. If a similar behaviour 
of the gasket is assumed under impact load, then 
initially under impact the gasket flows and the 
projectile energy is dissipated in compressing the 
gasket. Because of the compression, the pressure is 
generated selectively in the gasket region. In the 
10-30 kgms“^ momentum range (Figure 2), this mecha¬ 
nism seems to be operative. When the experiments are 
done with still higher projectile momentum, pressure is 
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generated initially by the mechanism of gasket 
compression. As the pressure increases, further flow of 
the gasket decreases, and the energy of the projectile is 
dissipated by the appearance of elastic waves in the 
anvils and the press. 


1. Singh, A. K., Rev. Sci. Instrum., 1989, 60, 253. 

2. Okai, B. and Yoshimoto, J., High Temp-High Pressures, 1973, 5, 
675. 

3. Prins, J. F., High Temp-High Pressures, 1983, 15, 21. 
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Consequences of predicted sea level rise 
for the Lakshadweep islands 

M. C. Pathak and K. L. Kotnala 

National Institute of Oceanography, Dona Paula, Goa 403 004, India 

The impact of accelerated sea level rise on coastal 
regions and islands and the ability to adopt to 
environmental changes of a particular shoreline depend 
on local topographic characteristics. The Lakshadweep 
islands off the south-west coast of India, with a 
maximum height of 4 m above present mean sea level, 
may be particularly vulnerable to the consequences of sea 
level rise due to the greenhouse effect. Available data on 
the topography of Kiltan, Kavaratti, Kadmat, Kalpeni- 
Cheriyam and Agatti-Bangaram islands suggest that the 
predicted sea level rise scenario value of 1 m may be 
responsible for 19, 11, 19, 21 and 18% land loss in these 
islands. 

There are indications to believe that due to an increase 
in the concentration of greenhouse gases in the 
atmosphere^ the global mean surface temperature and 
the sea level have risen and are expected to continue to 
rise. Even though there are considerable uncertainties 
in estimating the future sea level rise, due to its non- 
uniformity over the globe^ it will be prudent at this 
stage to examine the consequences of accelerated sea 
level rise for the low-lying areas of the Indian coast. 
The dominant effects of accelerated sea level rise on the 
coastal region will be: (a) submergence of extensive low- 
lying areas, posing a serious threat to the coastal 
population and to the ecology of the region, (b) 
damages due to an increase in storm surges, (c) possible 
salt water intrusion into coastal freshwater aquifers, etc. 
Vulnerability study of Indian coastal region for sea 
level changes due to the greenhouse effect^’indicates 
that the low-lying coral islands of the Lakshadweep 
archipelago are the most sensitive. The projected 
scenario of 1 m rise^’ ^ in sea level on these islands, with 


a maximum height of 4 m above the present sea level 
will certainly effect the morphology and restrict the 
human activities on these islands. Moreover, small 
islands rising from the deep oceanfloor provide the best 
sites for measuring a sea level rise^ and could provide 
useful data for sea level studies. Hence, a few islands 
(Kiltan, Kavaratti, Kadmat, Kalpeni-Cheriyam and 
Agatti-Bangaram) from this group were selected for a 
pilot study (Figure 1). 

Recurring changes in the shoreline position in the 
past and visualizing the impact of the anticipated sea 
level change could be studied by comparing the paleo- 
shoreline maps with the present shoreline map"*^. This 
procedure is used for the present study with the 
echograms of the surrounding areas of the islands. 

An examination of the echograms of the Kiltan, 
Kavaratti, Kadmat, Kalpeni -Cheriyam, and Agatti- 
Bangaram Islands of Lakshadweep has revealed the 
occurrence of marine terraces (submerged shore) at 
7-12, 15, 21-36 and 50 m of water depth®. In the absence 
of information on the particular age of these terraces 
the age of 9135 years B.P. for the nearby composite 
shells from the sediments at 58 m water depth^ has 
been assumed for the 50 m terrace, which almost 
corresponds to the calculated mean age from the 
eustatic curves. Use of the above method indicates that 
the effect of sea level rise accounts for about 76, 71, 91, 
92 and 96% of the total horizontal land loss at the 
rates of 7.4, 9.9, 18.1, 28.5 and 32.6 cm per year res¬ 
pectively for Kiltan, Kavaratti, Kadmat, Kalpeni- 
Cheriyam and Agatti-Bangaram Islands (Table 1, 
Figure 2a). 

Gornitz has estimated a 10-15 cm global sea level 
rise during the last centuryHoffman^ has summarized 
the predicted values of sea level rise for the years 2000 
to 2100 years for different scenario (Table 2), which 
shows that by the year 2050, the magnitude of the sea 
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Table 1. Calculated horizontal land loss. 


Island 

Area in 9135 
yrs BP (km^) 

Present (km^) 
area 

Change in 
area (%) 

Project 
area for 

2050 AD (km^) 

Change in 
area (%) 

Rate 

(cm yr " ‘) 

Kiltan 

6.75 

1.60 

76 

1.30 

19 

7.4 

Kavaratti 

11.53 

3.39 

71 

3.01 

11 

9.9 

Kadmat 

29.95 

2.61 

91 

2.10 

19 

18.1 

Agatti and 
Bangaram 

110.59 

3.95 

96 

2.78 

18 

32.6 




Figure 2a. Paleoshoreline (9135 BP) and present shoreline of Kiltan, Kavaratti, Kadmat and Agatti and Bangaram Islands. 
A, Anticipated future shoreline of Agatti and Bangaram by 2050 AD. 


4 level rise will be 23.8 to 116.7 cm. Considering the high 
scenario value of the order of only one meter topo¬ 
graphic maps of the future shore line for a few selected 
islands were prepared. A comparison of these maps 
with the present day shore line maps indicates that the 
extrusion of the shoreline on land side may be 19, 11, 
19, 21 and 18% in Kiltan, Kavaratti, Kadmat, Kalpeni- 
Cheriyam and Agatti-Bangaram respectively (Table 1, 

CURRENT SCIENCE, VOL. 59, NO. 5, 10 MARCH 1990 


Figure 2b). Furthermore, this area is storm-prone, the 
higher water level would provide storm surges with an 
intensive base to build upon, thus making this region 
more vulnerable. Such a rise will also cause substantial 
land loss due to erosion submergence. 

These factors necessitate the preparation of large 
scale bathymetric and topographic maps of these 
islands and use the cross-sectional variation of 
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Table 2. Estimated sea level rise for the years 2000-2100 for different scenario (in cm, with inches in 

parentheses) 


Year 

Conservative 

Mid-range 

moderate 

Scenario high 

High scenario 

Historical 

extrapolation 

2000 

4.8 

8.8 

13.2 

17.1 

2-3 


(1.9) 

(3.5) 

(5.2) 

(6.7) 

(0.8-1.2) 

2025 

13.0 

26.2 

39.3 

54.9 

4.5-8.25 


(5.1) 

(10.3) 

(15.5) 

(21.6) 

(1.8-3.2) 

2050 

23.8 

52.3 

78.6 

116.7 

7-12 


(9.4) 

(20.6) 

(30.9) 

(45.9) 

(2.8-4.7) 

2075 

38.0 

91.2 

136.8 

212.7 

9.5-15.5 


(15.0) 

(35.9) 

(53.9) 

(83.7) 

(3.7-6.1) 

2100 

56.2 

144.4 

216.6 

345.0 

12-18 


(22.1) 

(56.9) 

(85.3) 

(135.8) 

(4.7-7.1) 


Source: J. Hoffman, D. Keyes and J. Titus, 1983. 


forecasting significant land loss due to sea level rise and 
its transgressing effects. Investigations on the subject 
are in progress. 
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A note on the uraniferous Breccia along 
Kui-Chitraseni fault zone, districts 
Banaskantha (Gujarat) and Sirohi 
(Rajasthan) 

A. K. Bhatt*, P. K. ShrivastavaJ and T. N. Parthasarathy* 

Atomic Minerals Division, Department of Atomic Energy, 
’^Begumpet, Hyderabad 5()0 016, India 
tR. V. Desai Road, Baroda 390 001, India 

We report the presence of structurally controlled hydro¬ 
thermal type uranium mineralization (values up to 0 . 35 % 
U 3 O 8 ) in granitic (Late Proterozoic) and quartzitic 
(Middle Proterozoic) breccia along Kui-Chitraseni fault 
zone. The primary uranium mineral pitchblende has been 
identified in the samples. 

The Kui-Chitraseni fault zone is traceable along a 
series of discontinuous hillocks made of brecciated 
rocks over a distance of approximately 40 km from Kui 
(Survey of India Toposheet 45D/15; 24" 27'52" N: 
72° 47'30" E) in Rajasthan to Chitraseni (45D/7: 
24°15'16"N:72°29'35"E) in Gujarat, trending NE-SW\ 
with steep southeasterly dips. The fault zone marks the 
boundary between the Middle Proterozoic Ajabgarh 
Group of rocks and Late Proterozoic Erinpura Granite. 
The Ajabgarh Group is represented by chlorite schists, 
quartzites, calc-silicate rocks and amphibolites. Along 
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the fault zone, both the Ajabgarh Group of rocks and 
Erinpura Granites were subjected to intense brecciation, 
silicification and ferruginization. All along this zone, 
particularly along the fractures, veinlets and stringers of 
galena, sphalerite and chalcopyrite, with deep red to 
maroon-coloured limonite, were seen, Limonite at 
places showed botryoidal and mammillary structures. 

This note highlights the presence of uranium minera¬ 
lization at various places, namely, Mawal, Awal and 
Dabela along this fault, located at a distance of 10 to 
14 km due west of the Abu Road railway station. Some 
grab samples of granitic and quartzitic breccia analysed 
from these localities show U 3 O 8 as high as 0 . 35 % 
with Th 02 less than 0.01%. The primary uranium 
mineral pitchblende has been identified in the samples. 

The widespread nature of radioactivity at the outcrop 
level in these brecciated rocks with evidence of primary 
uranium mineralization in a structurally controlled 
horizon, together with polymetallic sulphide mineraliza¬ 
tion associated with sericitization, kaolinization, hema- 
titization and limonitization, indicative of hydrothermal 
origin, has opened up a new area for future uranium 
investigations in this part of Gujarat and Rajasthan. 


1. Heron, A. M., GeoL Surv. India Rec., 1938, 72, 367. 
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A comparative study of carbonates from 
Ongeian and Sawaian stages of the 
Little Andaman Island 

L. N. Sharma 

Centre of Studies in Resources Engineering, Indian Institute of 
Technology, Bombay 400 076, India 

Little Andaman is a low-lying island with heavy vegetation 
cover and rocks exposed at a few places. Limestones 
from Ongeian and Sawaian stages of two localities are 
compared for petrological and chemical analysis. Both 
the stages are found to be dolomitized. Insoluble residue 
was found out. X-ray analysis brings out finer differences 
in elemental concentrations. 

Little Andaman Island is situated between latitude 
10° 30' and 10°55'N and longitude 92^23' and 92°36'E. 
In the north it is separated from South Andamans. In 
the series of islands towards south Ten Degree Channel 
separates it from Car Nicobar (Figure 1). 

The island is low-lying all along the east coast 
whereas small undulating hills occupy the central parts. 
Typical tropical climate is the cause of heavy vegetation 
cover on the island. Of the accessible areas in the east 
coast the rocks are exposed at a few places. 

As part of our studies on synthetic aperture radar in 
Andaman and Nicobar, limestone samples were 
collected from Hut bay quarry; 3 km south-west of Hut 
bay (L-1) and 0,5 km (L-2) north of Vivekanandpuram. 
Srinivasan^ reported that limestones of Hut bay area 
belong to Ongeian Stage and those of Vivekanandpuram 
area to Sawaian Stage. Both are highly calcareous, 
moderately hard and contain foraminiferal biomicrite. 
Ongeian limestone is pink to grey whereas Sawaian 



Figure 1. Map showing locations of sample. 


Table 1. Elemental composition of 
Ongeian and Sawaian limestones. 


Elements 
(as oxides) 

Concentrations 

Ongeian stage 

Sawaian stage 

Si02 

9.5469 

10.328 

AlaO, 

2.069 

1.5357 

Fe203 

0.52316 

0.87225 

TiO, 

0.04747 

0.05413 

CaO“ 

53.577 

42.644 

MgO 

1.0046 

8.1267 

Na^O 

0.12134 

0.09469 

K 2 O 

-0.0144,5 

0.05321 


limestone is darker grey. The petrological and chemical 
analyses of the two limestones have been carried out for 
a comparative study. 

Thin section studies reveal Sawaian limestones as 
more compact and rich in foraminifera. Silt size quartz 
and fine flakes of muscovite are present in both the 
stages. Ongeian limestone is wackstone type whereas 
Sawaian limestone is packstone. 

Both the limestones were stained following the proce¬ 
dure given by Friedman^ to distinguish between calcite 
and dolomite. It is seen that limestone from both the 
stages is commonly dolomitized. 

The insoluble residue of Sawaian stage is found to be 
about 3% whereas the ongeian limestone is free of 
residue. 

One sample from each stage was analysed using a 
Phillips 1410 X-ray spectrometer interfaced with 
computer (Phillips P-852). Small pieces of the sample 
were powdered using a Herzog HSN grinding machine. 
After wet mixing of 4 g of powdered sample with 1 g of 
cellulose, pellets were prepared with methylcellulose 
and wax as backing material at 30 kg/cm^. The 
elements present in the sample were analysed quantita¬ 
tively by comparing it with known standard samples. 
Computer methodology was described by Murty^. 
Concentrations obtained through X-ray spectrometer 
are given in Table 1. 

X-ray analyses of limestones from two different stages 
of Little Andaman Island and petrographic studies 
suggest that the two limestones though broadly 
comparable, differ in minor details. The Sawaian 
limestone is packstone type with relatively high 
insoluble residues whereas the Ongeian limestone is a 
wackstone without clastic content. Geochemically the 
Sawaian limestones show higher Mg and low Ca 
content compared to the Ongeian limestones. Other 
elements like Na, Al, Si, K, Ti and Fe have similar 
concentrations (Table 1). 


1 . Srinivasan, M. S., et al, Proc. Indian Coll. Micropal. Strat., 1978, p. 
406, 

2. Friedman, G. M,, et al, Excercise in Sedimentology, John Wiley, 
New York, 1982, p. 14. 
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Conoid shells (? Tentaculites sp.) from 
the Lipak Formation, Yulang Valley, 
Kinnaur Himalaya 

U. K. Bassi 

Geological Survey of India, SCO 98-100, Sector 17-C, 

Chandigarh 160017, India 

Conoid shells Tentaculites) suggesting an Upper 
Devonian age of Lipak Formation are being described 
from the Yulang Valley, Kinnaur Himalaya. Their parallel 
orientation suggests mild bottom currents in the shallow 
and warm Lipak lagoon. 

Conoid shells attributable to Tentaculites sp. were 
recorded from the Lipak Formation (Kanawar Group). 
These fossils occur 12 m above the Muth-Lipak contact 
exposed about 1.5 km upstream of Yulang Dogri in the 
Yulang Valley (Figure \a and b), Kinnaur district, 
Himachal Pradesh. The Lipak Formation had been 
assigned a Lower Carboniferous age due to the 
presence of Syringothyris cuspidata, Phillipsia clijfordi 
and Helodus crenulatusK 

Conoid shells were recorded from a thinly-bedded 
dark wacke/packstone containing fragmentary brachio- 
pods, ostracods, crinoids, echinids, bryozoans and trilo- 
bites. These occur along the bedding plane and exhibit 
parallel alignment (Figure 2a). The shells are slightly 
curved gradually tapering cones of variable length (15- 
25 mm) and apertural diameter (2-5 mm) and thick 



Figure 1. a, Geological map of the Yulang Valley; Kinnaur 
Himalaya along with location map (inset). Legend: 1. Granite, 
2. Pre-Muth Sequence, 3. Muth Formation, 4. Lipak Formation, 
and 5. Post-Lipak sequence, h, Lithocolumn showing Tentaculites 
bearing horizon in the Yulang Valley, Kinnaur Himalaya. 

shell (Figure 2h). The growth angles in the juvenile and 
adult forms are 10-12'’ and 7-8'’ respectively. The 
transverse ridges are poorly preserved (Figure 2c). The 
shells are filled with micritic material and fossil debris. 

These conoid shells could be hyoliths, coleolids, 
dacryoconarids and tentaculites. They differ from 
hyoliths in not having bilateral symmetry, pyramidal 
shell and strongly projected aperture; from coleolids by 
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the absence of tubuliform and extremely elongate shell 
and from dacryoconarids in lacking pronounced tear¬ 
drop bulb at the apex, thin shell, bilateral symmetry 
and larger growth angle. By elimination thus and also 
on the basis of apex shape, slightly curved shell with 
faint transverse ridges, thick shell wall, size and growth 
angles^, these are found comparable with Tentaculites. 

The Tentaculites have a stratigraphic range from 
Silurian to Devonian^. Its presence in the basal part 
with conformable sequence right up to Carboniferous 
fossil bearing beds\ suggests that the basal part of the 
Lipak Formation represents a Devonian age—possibly 
Upper Devonian. Such an age assignment is apparently 
supported by the record of late Devonian brachiopods, 
conodonts and fish remains from the Lower Lipak 
limestone of this very section^ However, the 
lithology immediately overlying the Muth Formation 
described in the above cited publications (50 m shale^ 
and 10 m grey limestone"^) is contradictory and the 
veracity of the fossils described therein has been 
questioned^. 

Tentaculites are exclusively marine and prolific in 
shallow lagoons. These are regarded as nektonic to 
benthonic scavengers in relatively warmer, more 
agitated waters. Lagoonal, shallow and warm environ¬ 
ments are also suggested by the presence of corals and 
gypsum in the Lipak Formation. Parallel orientation of 
Tentaculites cones suggests the presence of mild bottom 
currents in the Lipak lagoon. 
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Abundance of Jurassic bivalves during 
marine transgressive-regressive cyclic 
events 

K. M. Krishna* and O. P. Upadhyay** 

Departments of *GeoIogy and **Mining Engineering, Banaras 
Hindu University, Varanasi 221 005, India 

Jurassic (Callovo-Oxfordian) rocks in Kachchh show 
evidence of marine transgressive-regressive events. The 
Oxfordian bed, deposited during the transgressive phase, 
is characterized by greater abundance of infaunal 
bivalves, while the Callovian beds, deposited during the 
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regressive phase, show predominance of epifaunal 
bivalves. 

The present note concerns the study of the abundance 
of epifaunal-infaunal groups of bivalve during marine 
transgressive-regressive cyclic events from the Jurassic 
rocks of Kachchh, Gujarat. On the basis of data 
obtained from field, a graph (Figure 1) has been 
prepared showing the abundance of fauna during 
Callovo-Oxfordian time. 

During Callovo-Oxfordian age, a large-scale deposi¬ 
tion of the sediment took place in the Kachchh basin as 
a result of marine transgressive-regressive cyclic events. 
The characteristic bed, ‘Dhosa Oolite’ (Oxfordian) 
comprises of small thickness throughout the Kachchh 
which has been deposited during the transgressive 
phase, whereas the Callovian beds, which constitute 
huge deposition of shale over sandstone beds are 
supposed to have been deposited during The regressive 
phased 

The rate of supply of terrigenous sediments has a 
direct relationship with the thickness of the deposition, 
i.e. with increase in the terrigenous sediments the 
thickness of the strata also increases and vice-versa. 
Such a variation in the rate of supply of terrigenous 
sediments has also influenced the basin environment. 
The shallowing of the basin is favoured by an increase 
in the rate of supply of terrigenous sediments (during 
regression) while the reduced supply of the terrigenous 
sediments in the basin (during transgression) suggests 
deepening of the basin. 

In the modern ocean life context, the epifaunal 
bivalves are more abundant in the shallow regions of 
the sea, whereas the infaunal bivalves are predominant 
at greater depths^. The above argument of Hedgpeth 
agrees well with our graph in which abundance of three 



Epifauno Semi- Infauna 
infouna 


Figure 1 . Relative abundance of fauna in Callovo Oxfordian time. 
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groups of bivalves are shown during Callovo-Oxfordian 
time (Figure 1). Among the three groups of bivalves, the 
epifaunal-infaunal groups represent their greater 
abundance from the Callovo-Oxfordian beds, whereas 
the semi-infaunal bivalves show only 2% of the 
population from the Callovian beds. The abundance of 
1 epifaunal-infaunal groups of bivalves from the Callovo- 
Oxfordian beds (which could be furnished as a result of 
marine cyclic trangressive-regressive events) is signi¬ 
ficant not only with the associated lithology but also 
^ with the marine cyclic events. 

Finally, on the basis of the present study, it is 
1 interesting to npte that the Oxfordian bed (in which the 

] marine transgressive event took place) is characterized 

by the greater abundance of infaunal bivalves, whereas 
the Callovian beds (in which marine regressive event 
( took place) constitute predominant epifaunal bivalves. 
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Electromagnetic field-induced in vitro 
pollen germination and tube growth 

M. P. Alexander and S. Ganeshan 

Division of Plant Genetic Resources, Indian Institute of Horticultural 
Research, Hessaraghatta Lake Post, Bangalore 560 089, India 

The effect of electromagnetic pulsing on pollen germina¬ 
tion and tube growth of Carica papaya L., cv. 
‘Washington’ was studied. Pollen germination and tube 
length showed significant increase over controls. The 
results show that the pollen grains exposed to magnetic 
field germinate faster and produce longer pollen tubes 
than the controls. The technique of electromagnetic 
excitation provides a new tool for evaluating a large 
number of cryopreserved pollen grains rapidly and would 
be of immense value in pollen storage and breeding 
strategies. 

Magnetic field induces morphological-^, physiologi- 
cal'’’ and biochemicaP’^’^ changes when biological 
systems are exposed to it. The effect of magnetic field 
on biological systems generally deals with morphologi¬ 
cal changes in germinating seeds^’® and seedlings^’ 
Magnetic response in mice^S mud-snailseggs of sea- 
urchins^^, micro-organisms^'*’’and mitotically divid¬ 
ing plant cells^® has also been studied earlier. All these 
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relate to effects at organ, cellular and molecular levels. 
However, with reference to plant gametophyte (pollen), 
information is not available. Therefore, a series of 
experiments were conducted on the pollen of horti¬ 
cultural crops during 1986-88. The present results 
pertain to studies on the pollen of papaya exposed to a 
magnetic field of 96 G for 10 min at 12 DC and 0.5 A 
(strength and time were prestandardized in preliminary 
experiments). 

Two identical bar electromagnets were fabricated by 
winding 720 turns of 22 gauge enamelled copper wire 
on 50 mm core. The power supply consisted of a 2 A 
step-down transformer with tappings at 3, 6, 9, 12, 15, 

18, 21 and 24 Y AC which was converted into DC by a 
5 A bridge rectifier and by a 50 MFD 150 V DC 
electrolytic capacitor. The electromagnets were connec¬ 
ted in parallel circuit to the DC supply and placed one 
above the o.ther with o|. posing polarity keeping an air 
gap of one inch between them. 

The pollen of Carica papaya L. cv. ‘Washington’ was 
mounted in hanging drops containing 6% sucrose. The 
cavity slides with hanging drops were placed in a 
hardboard tray, specially fabricated, to enable correct 
positioning and uniform exposure in the region of 
maximum flux. After exposure to the magnetic field, the 
slides were incubated at 25 ± TC along with controls in 
a chamber with 100% relative humidity. Fourteen 
replicates, each with a parallel control, constituted the 
experimental set-up. The hanging drops were stained 
with a versatile stain after 2h of incubation, 
remounted on a flat slide and sealed with epoxy resin. 
Observations on pollen germination and tube lengths 
were recorded from 10 randomly selected microscopic 
fields using a Leitz Neopromar projection microscope, 
following standard procedures^®. Tube lengths were 
measured from 10 germinated pollen grains randomly 
selected from treated and control sets. 

Figures 1 and 2 show normal germination and germi¬ 
nation of pollen grains exposed to the magnetic field. 

Pollen germination and tube growth were significantly 
higher (P<0.01) in magnetic field-induced germination. 

The mean germination recorded for the induced set was 
23.1%, compared to 12.7% for controls. Likewise the 
tube length was 154.8 pm in the induced set, compared 
to 104.3 pm for controls. Pollen tubes in the induced set 
were healthy and normal. Initiation of pollen tubes in 
the induced set took place after 30 min, while it was 
after 45 min in the controls. Papaya pollen which takes 
3 h in vitro to record 25% germination showed a > 
germination of 23.1% in 2h under the influence of 
electromagnetic field. 

Some of the magnetic influences reported are 
enhancement of germination and seedling growth 
(barley)^^ chromosomal aberrations^^, enlargement of 
nucleus^^, increase in RNA content at growth zone 
(barley)^^, triggering of enzymatic activity^’and 

CURRENT SCIENCE, VOL. 59, NO. 5, 10 MARCH 1990 




RESEARCH COMMUNICATIONS 



Figures 1 and 2. 1, /n vitro germination of control Carica papaya 

pollen (X 250). 2, In vitro germination and tube growth of Carica 

papaya pollen exposed to magnetic field for ten minutes at a strength 
of 96 G ( X 250). 


increase in reducing sugars (wheat)*\ Pittman^*based 
on numerous experiments, found an increase in the 
efficiency of metabolism on account of stimulus, applied 
to quiescent seeds and growing seedlings. Commoner 
et demonstrated in vitro presence of unpaired 

electrons in enzymatic reactions; they attributed the 
influence of magnetism on the reaction rate of enzymes 
to paramagnetic molecules and free radicals in the 
system. He concluded that for a given magnetic stimulus, 
the metabolic process that normally occurs before DNA 
duplication or those processes that are intimately 
associated with cell division are influenced. These 
studies, therefore, suggest that pregermination or 
postgermination magnetic exposure affects plant meta¬ 
bolism, leading to enhanced metabolic growth processes. 
It may therefore be inferred that the role played by 
electromagnetism in promoting pollen germination and 
tube growth could be due to an accelerated metabolic 
process during germination in vitro. 

The outcome of this study on electromagnetic 
stimulus to pollen provides scope for evolving new 
techniques that would help plant breeders in inducing 


gametic selection. Pollen cryobanks which handle large 
numbers of samples can also effectively apply this 
technique to assess viability in vitro and protract the 
time taken for pollen to germinate. 
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A method for the rapid isolation of 
hypocotyl protoplasts of Eruca sativa 

Amla Batra and Mukta Dhingra 

Department of Botany, University of Rajasthan, Jaipur 302 004, 

India 

Protoplast fusion can successfully overcome the difficulties 
in hybridization between two genera. Hypocotyl explants 
from ten-day-old seedlings of Eruca satira were taken for 
isolation of protoplasts. Cellulase 1%, Macerozyme 
0.5% and Drieselase 0.2% combinations with 0.6 M 
mannitol and 2% CaCl 2 2 H 2 O (osmotic stabilizers) at 
pH 5.8 were found to be most suitable. Freshly isolated 
protoplasts were spherical, colourless and of various 
sizes. 

Until recently, sexual crossing was the only means of 
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producing hybrid varieties of plants. Biotechnological 
advances, however, have opened new vistas through 
somatic hybridization brought about by the protoplast 
fusion technique. The incompatibility barriers which 
may exist under natural conditions between two 
different plant species could be bypassed by following 
this procedure. Eruca sativa is an oilseed of minor 
importance in comparison to the genus Brassica 
belonging to the same family, i.e. Brassicaceae. Though 
Eruca has limited edible uses it is a hardy plant 
possessing the capability to grow under drought 
conditions and is also disease-resistant. This makes it 
an ideal system for transferring these useful traits to the 
vulnerable but widely cultivated brassicas. How'ever, 
sexual crossing between the two genera Brassica and 
Eruca is very rare^’^. Hence hybridization through 
protoplast fusion could be helpful in overcoming this 
problem. The primary prerequisite for the application 
of all these technologies is the establishment of a 
protocol for the successful isolation of protoplasts of 
both the genera. There are many reports^of this in 
the genus Brassica however, in Eruca so far only a 
single report of successful culture of mesophyll proto¬ 
plasts exists till date. In the present communication, a 
more effective method for the successful isolation of 
hypocotyl protoplasts of Eruca sativa, is reported. 

Hypocotyl explants were taken from ten-day-old 
aseptically grown seedlings raised from seed procured 
from Agriculture Research Station, Durgapura (Jaipur). 
Seedlings were grown on 0.6% agar containing half stren¬ 
gth salts of Murashige and Skoog’s^^ basal medium with 
1% sucrose. Selection of the proper explant at the right 
stage is the most important prerequisite for successful 
isolation of protoplasts. Initially both cotyledons and 
hypocotyl segments from sterile seedlings were tried as 
explants. However, hypocotyl segments (1.5 cm length) 
proved to be better and gave a good yield of stable 
protoplasts in less time. Combinations of different 
concentrations of cell wall degrading enzymes, i.e. 
Cellulase, Onozuka R-10 (Kinki Yakult Co. Japan); 
Macerozyme, Onozuka R-10 (Kinki Yakult Co. Japan); 
and Drieselase (Hakkokogyo Co. Japan) were tried for 
protoplast isolation (Table 1). 

For isolation of protoplasts from hypocotyl segments 
of E. sativa, the best enzyme combination was Cellulase 
1%, Macerozyme 0.5% and Drieselase 0.2% when 
mannitol (0.6 M) and CaCl2’2H20 (0.2%) were used as 
osmotic stabilizers. For the isolation of mesophyll 
protoplasts however, Sikdar et al^ used a combination 

Table 1. Enzyme combination tried for release 
of hypocotyl protoplasts of Eruca sativa. 


Enzyme Concentration (%) 


Cellulase 

2.0 

1.0 

l.O 

0.5 

Macerozyme 

0.2 

0.5 

1.0 

1.0 

Drieselase 

— 

0.2 

— 

— 



Figure la-c. Freshly isolated hypocotyl prolophists of Eruca sativa. 

of 0.25% (w/v) cellulase and 0.5% pcclinasc. The pH of 
the enzyme solution was adjusted to 5.8. The cxphint 
enzyme mixtures were incubated at 29±r'C in dark 
and were agitated hourly. The optimal yield was 
monitored by counting the number of protoplasts 
isolated at different intervals ranging from 1 to 8 h. 
Optimal yield was obtained in 4 to 5 h in comparison 
to 16 h taken for mesophyll proloplasts‘^ Purification of 
the protoplasts was carried out in 20% (w/v) sucrose 
solution through low speed centrifugation (lOOty) and 
repeated washings in the osmoticum (0.6 M mannitol+ 
0.2% CaCl2-2H20). 

Freshly isolated protoplasts were colourless, spherical 
and of various sizes, small and large. Cytoplasmic 
strands and a centrally placed nucleus were the 
prominent features of the protoplasts (Figure la-c). 
Since hypocotyl protoplasts arc isolated from an 
etiolated tissue without differentiated green chloroplasts, 
they can easily be distinguished from mesophyll proto¬ 
plasts of Brassica species, making it possible to select 
the heterokaryons after fusion^ ^ without the use of any 
complex method 
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Metabolic fate of [8-^‘*C]adenine and 
[S-^^^Cjhypoxanthine in nodules and 
root tissues of soybean plants 

H. Ashihara 

Department of Biology, Faculty of Science, Ochanomizu University, 
2-1-1, Otsuka, Bunkyo-ku, Tokyo, 112, Japan 

Approximately 30% of radioactivity from [8 -adenine 
and more than 60% of that from [S-^'^CJhypoxanthine 
were recovered from the degradation products of purines, 
i.e. ureides and CO 2 , in nodules and roots of soybean 
plants. The nodules seem to have greater ability to 
degrade ureides. The nodules also possess a greater 
capacity for salvaging purine bases than do the roots. 

After it was revealed that ureides (allantoin and 
allantoic acid) are the predominant forms of organic 
nitrogen produced by nitrogen-fixing soybean root 
nodules^ the biogenesis of ureides has been studied 
in nodules of various leguminous plants, such as 
soybean and cowpea. Current evidence indicates the 
involvement of purine synthesis de novo and the 
subsequent oxidation of purines in the biogenesis of 
ureides"^. However, little is known about the salvage of 
purines, i.e., the reutilization of preformed purines for 
the synthesis of nucleotides and nucleic acids in these 
nodules. The present study compares the metabolic fate 
of purine bases supplied exogenously to the nodules 
and to the roots of the same soybean plants. 

Plant materials were obtained from one-month-old 
soybean plants (Glycine max cv. Yukimusume), inocu- 
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lated with Rhizohium japonicim (strain lAM 12608) and 
grown in a nitrogen-free culture medium^. Nodules 
were separated from roots with a razor blade as 
indicated in Figure 1. The labelled compounds were 
administered as described earlier^. Briefly, samples of 
approximately 150 mg of nodules and roots were sliced 
with a razor blade and incubated in 2.0 ml of 30 mM 
potassium phosphate (pH 5.7) that contained 10 mM 
sucrose and 0.2 ml (37kBq) [8-^'^C]adenine (specific 
activity 2.29 GBq mmoP^) or 0.2 ml (37 kBq) [8-^'^C]- 
hypoxanthine (specific activity 1*96 GBq mmol” ^) in a 
30 ml-Erlenmeyer flask with a centre well that contained 
0.1 ml of 20% KOH. After a 4-h incubation at 27°C, 
samples were washed with water, extracted, and 
analysed for labelled metabolites as described earlier^. 

Table 1 shows the uptake and metabolism of 
exogenously supplied [8-^'^C]adenine and [S-^'^CJhypo- 
xanthine by samples of nodules and roots. Similar rates 
of uptake of [8-^'^C]adenine were found in nodules and 
in roots. Nevertheless, the extent of incorporation of 
[8 -adenine into the salvage compounds, i.e., nucleic 
acids plus free nucleotides, was higher in nodules than 
in roots. In both roots and nodules, approximately 
30% of the radioactivity from [S-^'^Cjadenine taken up 
by the cells was distributed in the degradation products 
of purines (i.e., allantoin, allantoic acid and CO 2 ). The 
amount of ^"’‘002 released was nearly three times 
higher in nodules than in roots, but the distribution of 
radioactivity into ureides was higher in roots than in 
nodules. 

Contrary to the results with adenine, the extent of 
uptake of [8-^'‘'C]hypoxanthine by root tissues was 
only half of that by nodules. The ability to salvage 
hypoxanthine was higher in nodules than in roots. 
However, in agreement with the results obtained from 
several other plant materials^ the rate of salvage of 
hypoxanthine was much lesser than that of adenine in 
both nodules and roots of soybean plants. More than 
60% of the radioactivity from [8-^'*'C]hypoxanthine 
was recovered from the degradation products formed 
during a 4-h incubation. It is noteworthy that more 
than 40% of radioactivity recovered from [8 -hypo¬ 
xanthine was found in the CO 2 fraction from the 
nodules, but nearly 50% of the radioactivity remained 
as ureides in the roots. 

Although it has been stressed that the nodules of 
soybean plants are the site of ureide biogenesis^ the 
present results clearly indicate that nodules also have 
the machinery necessary for the salvage of purines for 
the synthesis of nucleotides. They possess somewhat 
greater capacity for salvaging purine bases than do the 
roots. In addition, the ability to degrade ureides also 
seems to be quite considerable in the nodules. The 
present results suggest that no particular qualitative 
difference exists with respect to the metabolism of 
purines between the soybean nodules and the roots. To 
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Figure 1. Micrograph of a cross-section of a nodulated root from a one-month-old soybean plant infected with Rhizobium 
japonicum. Nodule and root were separated as indicated by the solid line (N, nodule; R, root). 


Table 1. Uptake and metabolism of [8 -adenine and 
hypoxanthine exogenously supplied to the nodules and the roots of 
soybean plants 


[8- ^ Adenine [8- ^ '^C]Hypoxanthine 


Precursor 

Nodules 

Roots 

(N/R) 

Nodules 

Roots 

(N/R) 

Total uptake 







(nmol/100 mg fr. wt/4 h) 







2.10 

2.07 

(1.0) 

2.00 

0.99 

(2.0) 

Incorporation 
(% of total 







uptake) 

RNA 

21.2 

14.8 

(1.4) 

17.6 

8.5 

(2.1) 

DNA 

1.4 

2.4 

(0.6) 

2.2 

1.7 

(1.3) 

Nucleotides 

22.5 

12.1 

(1.9) 

4.3 

1.6 

(2.7) 

Nucleosides 

13.6 

11.1 

(1.2) 

3.6 

7.3 

(0.5) 

Purine bases 

10.6 

30.6 

(0.3) 

7.3 

16.6 

(0.4) 

Ureides 

14.0 

21.4 

(0.7) 

19.6 

48.7 

(0.4) 

CO 2 

15.2 

5.7 

(2.7) 

43.7 

14.2 

(3.1) 

Others 

1.2 

1.8 

(0.7) 

1.4 

1.3 

(1.1) 


Amounts of adenine and hypoxanthine taken up by the samples are 
expressed as nmol per 1(X) mg material per 4 h. The rates of 
incorporation of radioactivity from [8-^'‘C]purines are expressed as 
the percentage of radioactivity taken up by the material. These 
values are averages of the results from duplicate samples. The ratio 
N/R, i.e. the ratio of the value in the nodules to that in the roots is 
also shown in parentheses for each class of compounds. 


our knowledge, this is the first report of an examination 
of the salvage of purine bases in the nodules of 
leguminous plants. 

The author thanks Ms K. Nishikawa of our 
Department for preparation of samples for micrographs. 
R. japonicum cells were kindly supplied by the Institute 
of Applied Microbiology, University of Tokyo. 
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Major Entamoeba histolytica 
(200:NIH) immunogen 

A. H. Khan, Sanjai Kymar, P. Kumar, M. K. Sahib* 
and S. R. Das 

Divisions of Microbiology and * Biochemistry, Central Drug 
Research Institute, Lucknow 226 001, India 

Antigenic analysis of axenic Entamoeba histolytica 
(200:NIH) antigen, by preparative polyacrylamide slab 
gel electrophoresis, reveal the presence of 13 distinct 
protein fractions. Major antigenicity was found in 
fraction 4 by indirect haemagglutination test. Fraction 4 
on electrophoresis under non-denaturing conditions yielded 
a single band. 

Amoebiasis is an important world wide disease resulting 
in an annual mortality of 10,000 to 40,000 and 
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considered as the second highest killing disease of 
humans after malaria (WHO)^ The invasive form of the 
disease is generally accompanied by the appearance of 
specific serum antibodies against Entamoeba histolytica. 
Detection of such antibodies is, therefore, important 
especially for invasive amoebiasis cases. Serological 
tests help in the diagnosis of infection when diagnostic 
stages (trophozoites or cysts) are not present or cannot 
be identified, specifically in the case of amoebic liver 
abscess and other cases of extra-intestinal amoebiasis. 

Before 1968 amoebiasis was diagnosed serologically 
by the determination of specific serum anti-amoebic 
antibodies with the help of impure crude amoeba 
antigen. However, crude antigen was sometimes derived 
from contaminated E. histolytica cultures and therefore 
the results were inconsistent. In 1968 E. histolytica was 
grown axenically by Diamond and standard axenic 
antigen was prepared. The availability of standard 
antigen preparations has been helpful in the develop¬ 
ment and application of various diagnostic tests for 
diseases and elimination of non-amoebiasis patients. 

The present study attempts to find out the major 
E. histolytica immunogen and evaluate the serological 
diagnosis of amoebiasis and protection. 

Axenic trophozoites of E, histolytica (200:NIH) were 
grown in large scale in a modified Diamond’s TP-S-1 
medium (Singh et al.^'^) and amoebae from 72 h old 
cultures were collected and sonicated in sterile saline for 
5 min at 20 Kc in a MSE ultrasonic disintegrator in an 
ice bath. The sonicated material was centrifuged at 
105,000^/ in an ultra centrifuge (Spine, Rotar type 50) 
for 60 min. The 105,000^7 supernatant and sediment 
fractions were collected separately. Protein contents 
were estimated according to Lowry et 

The 105,000 supernatant fraction was subjected to 
preparative vertical polyacrylamide slab gel electro¬ 
phoresis in electrophoretic chamber (Pharmacia, Sweden) 
following the method of Davis'^ using 7% gel. The 
protein (13.2 mg) was loaded on each slab gel. Electro¬ 
phoresis was carried out at a constant current of 
30 mA/gel for 4 h. After electrophoresis, the gel was 
sliced horizontally at 0.5 cm intervals, yielding 13 strips 
of the gel. A vertical piece of the gel was cut and stained 
in Coomassie Brilliant Blue (0.1%) stain. 

Each strip was minced by passing it through a 5 ml 
glass syringe. The gels were suspended in 2 ml of glass 
distilled water and allowed to stand overnight at 4''C. 
The eluate was separated from the gel by centrifugation 
at 5000 g for 30 min. The protein content of each was 
estimated according to Lowry et Antigenic analysis 
of different fractions was carried out by gel diffusion 
precipitin (GDP) and indirect haemagglutination (IHA) 
tests following the techniques of Aurenheimer and 
Atchley^, and Khan and Das^ respectively. 

Golden hamsters (wt 30-40 g) were immunized with 
whole amoeba antigen, 105,000 g supernatant and 


sediment fractions by three subcutaneous injections at 
weekly intervals with 0.1 ml, containing 500 jag antigen 
per animal emulsified with 0.1 ml of Complete Freund’s 
Adjuvant (CFA). The animals were challenged with 
intrahepatic inoculation following laprotomy of approxi¬ 
mately 6 to 7 X 10"^ trophozoites of E. histolytica (H-39) 
growing associated with bacteria. Bacterial association 
with E. histolytica is essential to produce amoebic 
lesions to hamster liver. 

Antigenic analysis of the whole amoeba antigen, 
105,000 supernatant and sediment fractions against 
hyper-immune rabbit serum (anti-£. histolytica antibodies) 
by GDP test is presented in Table 1. Hyper immune 
(anti-£. histolytica antibodies) was produced in rabbit 
being immunized with E. histolytica antigen following 
the method of Khan and Das^. The supernatant 
fraction showed sharp and distinct bands. The super¬ 
natant fraction (0.5 ml of 105,000^) containing 13.2 mg 
of protein was fractionated on preparative polyacryl¬ 
amide slab gel electrophoresis and eluted in 13 different 
fractions, approximately 85% of the total protein was 
recovered. Table 2 shows the protein profiles of 13 
fractions of 105,000 <7 supernatant on PAGE. Antigenic 
activity of different fractions obtained from preparative 
polyacrylamide gel electrophoresis with IHA test is 
shown in Table 3. Results showed that the major 
antigenic activity was in fraction 4 which showed single 


Table I. Antigenic analysis of whole amoeba-antigen, 
I05,(X)0</ supernatant and sediment fractions by GDP test. 


Antigen 

(protein concentration 2 mg/ml) 

No. of precipitin bands 

Whole amoeba-antigen 

7 

l()5,0(X)i/ supernatant 

8 

105,(XX)<y sediment 

3 


Table 2 . Elution profile of 105,000 <7 supernatant fraction on 
preparative polyacrylamide slab gel electrophoresis. 


Antigen 


Total protein 

Total volume mg~ Per cent 

Protein /ig/ml 

105,000 






supernatant 





fraction 


1.0 

13.2 

m 

13,200 

Fraction 

1 

1.7 

1.31 

9.92 

775 


2 

0.6 

0.81 

6.14 

1,350 


3 

1.35 

1.11 

8.41 

825 


4 

1.10 

1.05 

7.80 

950 


5 

0.50 

0.64 

4.85 

1,280 


6 

1.20 

1.28 

9.70 

1,070 


7 

0.70 

0.94 

1A2 

1,350 


8 

1.00 

0.90 

6.82 

900 


9 

1.00 

1.02 

7.73 

1,020 


10 

1.20 

1.02 

7.73 

850 


11 

1.00 

0.90 

6.82 

900 


12 

0.90 

0.09 

0.68 

100 


13 

1.30 

0.18 

1.36 

140 

Recovery 



11.25 

85.10 
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Table 3. Antigenic analysis of different fractions by indirect haemagglutination (IHA) test against hyperimmune rabbit serum. 

IHA litres obtained with 


Protein 

concentration 

(Mg/ml) 

105,000 g 
Supernatant 






Fraction 







1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

40 

2048 

16 

128 

4093 

131072 

4096 

128 

64 

64 

512 

512 

128 

16 

128 

20 

512 

16 

32 

1024 

32768 

1024 

16 

16 

16 

128 

128 

16 

16 

32 

10 

32 

16 

16 

128 

4096 

128 

16 

16 

16 

16 

16 

16 

16 

16 

5 

16 

16 

16 

32 

2048 

32 

16 

16 

16 

16 

16 

16 

16 

16 

1 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 


band on SDS-poly acrylamide gel electrophoresis 
(figures 1 and 2). The method used is the conventional 
SDS-PAGE. The molecular weight of major antigenic 
fractions (single band protein) was determined by extra¬ 
polating mobility plot of relative migration in SDS- 
PAGE against log molecular weight of standard protein 
markers. 

The relative electrophorectic mobility (Rf) of the 
single band protein was 0.34 which corresponds to the 
molecular weight of 90,000 daltons. 

Protective effect of the whole amoeba antigen, 
105,000 g supernatant and sediment fractions is presented 
in Table 4. Complete protection was reported in the 
experimental animals which were immunized with 
105,000 g supernatant fractions. 



Figure 1. SDS-PAGE profiles of purified single band antigen 
fraction 4 of £. hystolytica and standard protein markers a, standard 
protein makers, b. Purified fraction 4. 



Mobility 


Figure 2. Molecular weight determination of purified antigenic 
fraction of E. hystolytica using myosin (H chain) 200,000; 
phosphorylase b (97,400); BSA (68,000); ovalbumin (43,000); lysozyme 
(14,300) as standards. 


Table 4. Protective effect of whole amoeba-antigen, 105,000 g 
supernatant and sediment fractions of axenic £. histolytica. 

No. of hamsters 
free of liver 

abscess/number % Protection 

Group of inoculated *P value 


Whole amoeba-antigen + CFA 

5/8 

62.5 

(P<0.05) 

105,000 g sediment fraction + CFA 

1/8 

12.5 

(NS) 

105,000^ supernatant fraction 4-CFA 

8/8 

100.0 

(F<0.01) 

Isotonic saline + CFA 

0/8 

Nil 

Control (No. immunization) 

0/8 

Nil 


CFA, Complete Fruend’s Adjuvant. NS, Not significant. 
■"Student’s test. 
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Krupp® and Sawhney et al^ purified axenic E. histo¬ 
lytica (strain NIH:200) antigen on sephadex G-200 
column and obtained three (Fj, F 2 and F 3 ) fractions. 
The molecular weights of these fractions ranged from 
650,000 to 1,450 and found that the major antigenic 
activity were associated in fraction F^. 

The axenic E. histolytica antigen was purified by 
using the 105,000 < 9 ^ supernatant fraction of whole 
amoeba extract. This fraction was purified on preparative 
polyacrylamide slab gel electrophoresis. A comparative 
antigenic activity obtained with GDP and IHA tests 
clearly shows maximum precipitin bands and haemag- 
glutinating activity in the 105,000^ supernatant frac¬ 
tion. Among the 13 fractions isolated the highest 
haemagglutinating and precipitin activity was in 
fraction 4. Fraction 4 gave maximum antigenic 
response in GDP and IHA tests. This fraction at the 
protein concentration of 5 jug/ml gave the titre in IFIA 
test similar to 105,000 g supernatant fraction at protein 
concentration of 40 }xg/m\. 

Fraction 4 gave single protein band on analytical 
polyacrylamide slab gel electrophoresis. This shows that 
the isolated antigen fraction, which showed highest 
immunogenicity, is a pure protein (Table 3). 

Ganguly et purified axenic E. histolytica antigen 
on SDS-polyacrylamide gel electrophoresis and isolated 
9 fractions they have reported that fraction 5 showed a 


significant macrophage migration inhibition of lOO/^g/ml 
concentration in amoebic liver abscess. 

Results on protective immunity show lOOVo protection 
for 105,000^ supernatant fraction against experimental 
hepatic amoebiasis of hamsters whereas partial protec¬ 
tion was obtained with whole amoeba-antigen (62.5%). 
The 105,000 tjf sediment fraction gave only 12.5% 
protection (Ghadarian et al^^, experimental hepatic 
amoebiasis in hamsters.) 
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Course on Selective Delivery of Therapeutic Polypeptides and Proteins 

Place: Montreux, Switzerland 
Date: 24-26 September 1990 

The course provides valuable insight into the rapidly emerging field of 
selective delivery and targeting of polypeptides and proteins intended 
for therapeutic use. It will also examine the rationale for selective 
drug delivery and targeting, the biological opportunities for site- 
specific delivery, and examples such as macromolecular carriers and 
hybrid protein delivery systems, and the delivery of genetic material 
using retroviral vectors. 

Course on Gene Expression under the Microscope 

Place: Royal Society of Medicine, London 
Date: 26-27 September 1990 

This course of lectures and practical demonstrations has been 
designed to illustrate the principles, practical problems and 
applications of in situ hybridization. 

Course on Image Analysis in Microscopy 

Place: Royal Society of Medicine, London 
Date: 28 September 1990 

The course will provide an introduction to the use of computer- 
assisted image analysis in microscopy. Lectures will cover the 
principles of image analysis and its applications. 

For details contact: Fiona Morgan 

IBC Technical Services Ltd. 

Bath House, 56 Holborn Viaduct 
London ECIA 2EX 


International Congress on Very Llltra Low Dosage 

Place: Bordeaux, France 
Date: 20 22 September 1990 

Contact: Prof. Ch. Doulrcmcpuich, Hematology Liiboratory 
Faculty of Pharmacy, 3 Place dc la Victoire 
33076 Bordeaux, France 

First Internationtil Mlicrogravity Congress 

Place: Bremen, FRG 
Date: 24 26 September 1990 

Contact: Prof, H. J. Rath, Center for Applied Space Technology and 
Microgravity (ZARM) Conference Secretarial 
University of Bremen 
P.O. Box 33 04 40, 2800 Bremen 33, FRG 

The Congress is intended as a forum for potential users of the micro- 
gravity environment and those who have already acquired some 
experience in this area. The topics to be covered include all aspects of 
microgravity research and applications, organized under the following 
themes: Fluid dynamics. Materials Sciences, Life Sciences, Flight 
opportunities. Preparation for space station utilization, and Industrial 
applications. 

Sixth International Conference on PhenoChiazines and Structurally 
related psychotropic compounds 

Place: Pasadena, USA 
Date: 11-14 September 1990 
Contact: Dr R. R. Gupta 

Chemistry Department 
Rajasthan University 
Jaipur 302 004 
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Drinking deep from the cup of science 


Truth and Beauty: Aesthetics and Moti¬ 
vations in Science. S. Chandrasekhar. 
The University of Chicago Press. 1987. 
170 pp. Price $27.55. 


[Reprinted, with permission, from Journal of 
Genetics, vol. 68, no. 3, December 1989.] 

Perhaps it is desirable to begin this 
account of a book of essays by the most 
distinguished astrophysicist of our time 
with some justification for its ap¬ 
pearance in a journal devoted to the 
science of genetics. It so happens that 
another recent book. What Mad Pursuit 
by Francis Crick, offers in part the 
views of a distinguished life scientist on 
closely related themes, and so it seemed 
that there might be more than passing 
interest in juxtaposing these two views 
originating in what may be called the 
two complementary areas of the natural 
sciences. It is therefore with this in mind 
and in response to such a request that 
this appreciation is offered. 

For similar reasons it is also appro¬ 
priate, keeping in view the likely nature 
of the readership of this journal, to give 
at first a very brief biographical sketch 
of the author, and to convey to those 
not so well acquainted with the physical 
sciences the nature and magnitude of his 
work, and the special position he 
occupies in the world of physics. 

Subrahmanyan Chandrasekhar was 
born on the easily remembered date of 
19th October 1910 in the town of 
Lahore (then in India, now in Pakistan). 
During his undergraduate years at the 
Presidency College in Madras, there 
was a most fortunate meeting with the 
German physicist Arnold Sommerfeld, 
through whom he learnt of the latest 
advances in quantum mechanics and in 
particular of the uses of the new Fermi- 
Dirac statistics for electrons. Possibly 
Chandrasekhar’s most remarkable work 
has been the analysis of the late stages 
in the evolution of massive stars, in 
which the form of the new quantum 
statistics in its relativistic version plays 
a crucial role. The period 1930 to 1937 
spent at Cambridge, first as a student 
leading to the PhD in 1933 and then as 
a Fellow of Trinity College, saw him 
carry out these epoch-making resear¬ 
ches into astrophysics, and the deriva¬ 


tion of the famous mass limit named 
after him, the Chandrasekhar limit of 
1.4 solar masses. This is a major 
dividing line: less massive stars end their 
lives as so-called white dwarfs; while 
heavier stars evolve, as has since been 
realized and accepted, into either neu¬ 
tron stars or black holes. The occasion 
of his presentation of these findings at 
the 11th January 1935 meeting of the 
Royal Astronomical Society resulted in 
an unexpected and personally shattering 
controversy with Arthur Stanley Eddin¬ 
gton, the most distinguished astrophysi¬ 
cist of that time, which deeply coloured 
his attitudes to research and manner of 
working as well. In 1937, Chandrasekhar 
moved to the University of Chicago, 
where he became a professor in 1944, 
and Morton D, Hull Distinguished 


Service Professor in 1952. Over a long 
career of sustained work of the highest 
order, he has directed his penetrating 
attention to one major branch of 
physics after another, endeavouring to 
bring order to and attaining 'a certain 
perspective’ in each one, and leaving it 
in much better condition than when he 
entered it. Among the fields he has 
touched and decisively influenced are 
stellar structure and dynamics, radiative 
transfer, hydrodynamics and hydromag¬ 
netics and, most recently, the mathemati¬ 
cal theory of black holes. Apart from 
many other honours, in 1983 he shared 
with William Fowler the Nobel Prize 
for Physics. 

The range, depth and volume of 
Chandrasekhar’s work are all truly 
staggering; and in these respects one can 
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only compare him with Lord Rayleigh 
in the 19th century. His attitude to his 
work (and here one possibly sees an 
effect of the incident with Eddington), is 
best expressed in his comment upon 
award of the Nobel Prize: 1 work for 
my own personal satisfaction on things 
generally outside of the scientific main¬ 
stream. Usually my work becomes 
appreciated only after some length of 
time.’ Along with a certain reserve and 
shyness, and a precision and elegance in 
expression, there is also a subtle 
humour that comes through. It may not 
be out of place to recall two instances of 
the latter here. Of one occasion when he 
was asked what might be said of him 
biographically, he reports, i told the 
young lady that I had been a Professor 
at the University of Chicago for the past 
37 years, what more is there to say?’ On 
another occasion after an elegant and 
somewhat intricate mathematical lecture 
given by him at MIT, on being asked by 
Victor Weisskopf why he had under¬ 
taken that piece of work, he is reported 
to have replied, T thought this was a 
free country.’ 

Let me now turn to the book at hand. 
It consists of seven essays broadly 
grouped into two sets—the first four 
dealing with aspects of aesthetics and 
motivations in the pursuit of the 
physical sciences, the last three being 
basically biographical in nature, except 
that the very last one comes back to an 
analysis of the aesthetic base of the 
general theory of relativity. All the 
essays are the complete texts of formal 
addresses given on various occasions. 
While the opening essay dates from 
1946, all the others are from a later 
period, the decade from 1975 to 1986. 
Thus, apart from all other things, this 
collection affords a unique opportunity 
to see the maturing of a gifted and 
sensitive mind over some four decades, 
from the age of 36 to that of 76. In his 
preface Chandrasekhar does remark 
that he would now express somewhat 
differently the ideas he expounded in his 
1946 lecture on The Scientist’, (one in a 
series titled The Works of the Mind’ 
and including such other speakers as 
Frank Lloyd Wright, Arnold Schoen¬ 
berg, Marc Chagall and John von 
Neumann). Some of the key issues 
Chandrasekhar raises forcefully and 
often in these lectures are the changed 
attitudes to science in passing from the 
era of Kepler, Galileo and Newton to 


the last century and down to our own 
times; the contrasts between instances of 
stunning discoveries and flashes of 
insight into the secrets of nature as 
against the results of sustained and 
persistent lifelong efforts; the evident 
differences in the patterns of creativity 
in the arts as against the sciences; and 
the sensitivity to beauty in science, and 
the extent to which such sensitivity to 
the aesthetic aspects of a theory actually 
aids one in posing and solving substan¬ 
tive and deep problems. Except possibly 
for the last, all these issues surely have 
relevance outside the particular domain 
of the physical sciences alone. Chandra¬ 
sekhar’s purpose is evidently not to 
provide definitive answers to these 
various questions; but one does find 
here and there hints of his own feelings 
and, as is only to be expected, his own 
personality and style of work come 
through again and again. 

Chandrasekhar sees a difference in 
attitude to science exhibited by men like 
Kepler, Galileo and Newton, and those 
who followed much later. Thus with 
these giants, there was always present a 
wholeness of vision, an attempt to place 
their work in the context of all of 
science. Even Lagrange and Laplace 
who followed in the 18th century, and 
who in large part worked out the 
complex consequences of the funda¬ 
mental physical discoveries of Galileo 
and Newton, followed this path and 
gave a view of the whole accompanied 
by a proper appreciation of the portion 
contributed by them. But in later times, 
already with Maxwell and later de¬ 
finitely with Einstein, Chandrasekhar 
finds a change, an emphasis on one’s 
own discoveries and the impetus they 
have given to the progress of science ‘in 
the small’. To some extent perhaps this 
is understandable as the early pioneers 
had performed the task of identifying 
the outlines and setting the programme 
for natural science in the succeeding 
centuries; added to this, the totality of 
science at some stage inevitably passed 
beyond the grasp of a single individual. 
But with Chandrasekhar one wonders 
whether a continuation of the older 
pattern may have prevented the divide 
between the arts and the sciences! The 
attentive reader also cannot escape the 
feeling that the importance of this issue 
for Chandrasekhar stems from his own 
attitude and style of work, captured in 
his statement: . . the method I have 


adopted in my own work has always 
been first to learn what is already 
known about a subject; then to see if it 
conforms to those standards of rigor, 
logical ordering, and completion which 
one has a right to ask; and if it does not, 
to set about doing it. The motivation 
has always been systematization based 
on scholarship.’ 

The contrast between discoveries 
based upon long and arduous work 
over many years, and those that result 
from almost inexplicable flashes of 
insight and understanding, is one to 
which Chandrasekhar is particularly 
drawn. While only the former qualifies 
to be called a method of working, each 
has had its share of successes and 
failures. Chandrasekhar recounts with 
much feeling the cases of Kepler and 
Michelson as examples of great success 
stories from sustained endeavour. The 
former appears at the cross-roads 
between dogma and modern science, 
devoting 22 years of work to the single 
goal of unravelling the geometry of 
planetary motions; the latter devoted 50 
years of his life to the task of measuring 
the speed of light with ever-increasing 
precision. In these cases one sees a 
constancy and a doggedness that paid 
rich dividends. But there have been 
failures too: Eddington who devoted 16 
years to his ‘Fundamental Theory’ but 
failed to win the approval of his 
contemporaries; and Heisenberg’s uni¬ 
fied theory of elementary particles 
dating from the 50s. In both cases there 
was a certain lack of touch with reality. 
Turning to the other ‘sudden’ pattern of 
discovery, naturally only the successes 
are remembered. Chandrasekhar recalls 
the cases of Einstein who in 1907 came 
upon his Principle of Equivalence, later 
characterized by him as ‘the happiest 
thought of my life’; Dirac’s realization 
on a Sunday evening walk in 1925 of 
the deep connection between Poisson 
brackets in classical physics and com¬ 
mutators in quantum theory; his later 
discovery of the relativistic electron 
wave equation; and Heisenberg’s final 
intuitive burst of creativity in May-June 
1925 that resulted in the matrix version 
of quantum mechanics. In more than 
one place in these essays Chandrasekhar 
expresses the view that successes of this 
kind can have the effect of producing 
later a kind of cocksureness and arro¬ 
gance in one’s perceived ability to 
comprehend nature. He quotes with 
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approval J. J. Thomson’s assessment of 
Lord Rayleigh; There are some great 
men of science whose charm consists in 
having said the first word on a subject, 
in having introduced some new idea 
which has proved fruitful; there are 
others whose charm consists perhaps in 
having said the last word on the subject, 
and who have reduced the subject to 
logical consistency and clearness. I 
think by temperament Lord Rayleigh 
belonged to the second group.’ And this 
seems to go well with Chandrasekhar’s 
own declaration: ‘One’s place in science, 
as posterity will duly assign, depends 
very largely on one’s continuous exer¬ 
tion, at the edge of one’s ability; ... I 
think one could say that a certain 
modesty towards understanding nature 
is a precondition to the continued 
pursuit of science.’ 

Heisenberg’s passage in his book 
Physics and Beyond, describing his 
feelings at the end of his struggles 
culminating in the discovery of matrix 
mechanics, holds a special fascination 
for Chandrasekhar, as he quotes it no 
less than three times in these essays! 
Only one sentence from Heisenberg 
needs to be recalled here: ‘I had the 
feeling that, through the surface of 
atomic phenomena, I was looking at a 
strangely beautiful interior, and felt 
almost giddy at the thought that I now 
had to probe this wealth of mathemati¬ 
cal structure nature had so generously 
spread out before me.’ Indeed this is one 
of the most moving accounts of the 
effect of inspired discovery on the 
discoverer, to which Chandrasekhar is 
repeatedly drawn. And even a lay reader 
cannot help comparing such words with 
Plato’s passage from The Phaedrus: ‘The 
soul is awestricken and shudders at the 
sight of the beautiful, for it feels that 
something is evoked in it that was not 
imparted to it from without by the 
senses, but has always been already laid 
down there in the deeply unconscious 
region.’ 

The problem of the differences in the 
patterns of creativity of an artist—in 
literature as much as in music—and a 
scientist is taken up by Chandrasekhar 
in his 1975 Ryerson Lecture entitled 
‘Shakespeare, Newton and Beethoven or 
Patterns of Creativity’. In the light of 
what has been said above, one can truly 
claim that this is an example on a 
broader canvas of a similar variation in 


patterns of creativity seen within science 
itself! Chandrasekhar provides incisive 
thumbnail sketches of the lives of 
Shakespeare, Beethoven and Newton; 
and in the process shows his own 
wonderful sensitivity to these master 
spirits and their creations. He sees in 
both Shakespeare and Beethoven the 
importance of continuity of growth and 
evolving maturity, a wholeness in their 
output, and a conscious sense of comple¬ 
tion and drawing to a close at the end. 
Of Shakespeare’s tragedies belonging to 
the period 1604-08 he says: ‘It staggers 
one’s imagination to realize that these 
great plays, so utterly different from one 
another, could have been written, in 
succession, with such unfaltering inspir¬ 
ation.’ And of the Winter’s Tale he 
quotes a well-known critic to say: 
Winter’s Tale is beyond criticism and 
even beyond praise.’ The sense of a 
continuous and upward movement until 
the very end is wonderfully captured in 
his quotation from T. S. Eliot: ‘The 
standard set by Shakespeare is that of 
continuous development from first to 
last, a development in which the choice 
both of theme and of dramatic and 
verse technique in each play seems 
to be determined increasingly by 
Shakespeare’s state of feeling by the 
particular stage of his emotional matur¬ 
ity at the time. . .. We may say confi¬ 
dently that the full meaning of any one 
of his plays is not in itself alone, but in 
that play in the order in which it was 
written, in its relation to all of 
Shakespeare’s other plays, earlier and 
later; we must know all of Shakespeare’s 
work in order to know any of it.’ The 
same is true of Beethoven as well; for 
after recalling the early period, the onset 
of deafness, and Beethoven’s resolve to 
‘take Fate by the throat’, Chandrase¬ 
khar presents an extract from the Heili- 
genstadt testament containing the sen¬ 
tence ‘For indeed it seemed impossible 
to leave this world before I had 
produced all the works that I felt urged 
to compose’; and at the end Sullivan’s 
summing up: ‘One of the most signifi¬ 
cant facts, for the understanding of 
Beethoven, is that his work shows an 
organic development up until the very 
end. . . . The greatest music Beethoven 
ever wrote is to be found in the last 
string quartets, and the music of every 
decade before the final period was 
greater than its predecessor.’ But with 
Newton we see a difference: an explo¬ 


sion of genius, an unsurpassed achieve¬ 
ment over a brief two-year period in his 
early twenties, then an unparalleled 
effort of the most intense concentration 
and activity in his early forties while 
composing the Principia; but thereafter 
no comparable major work of similar 
magnitude. Chandrasekhar sees the 
same trend, a slowing down and 
retirement after a creative outburst, in 
the cases of Maxwell and Einstein as 
well, and wonders why this must be so. 
Significantly and understandably he 
finds no scientist to compare with 
Newton, only Shakespeare and Beeth¬ 
oven. His concern and analysis of this 
‘problem’ of course brings the reader 
back to his own career, and an 
indication of where his sympathies lie. 
Indeed he has said of his latest book 
The Mathematical Theory of Black 
Holes completed in 1983 and compris¬ 
ing the results of his work in the 
preceding decade, that it has been the 
hardest project he has worked on and 
the one that gave him the greatest 
satisfaction. But may it not be that this 
difference between the arts and the 
sciences is a reflection of the different 
ways in which man relates to nature in 
these two realms? One is reminded here 
of the mathematician Harish-Chandra’s 
statement: ‘I have often pondered over 
the roles of knowledge or experience on 
the one hand and imagination or 
intuition on the other, in the process of 
discovery. I believe that there is a 
certain fundamental conflict between 
the two, and knowledge, by advocating 
caution, tends to inhibit the flight of 
imagination. Therefore, a certain naivete 
unburdened by conventional wisdom, 
can sometimes be a positive asset,’ May 
be there is a complementarity between 
knowledge and discovery, crucial ad¬ 
vances in science and insight into nature 
generally requiring the unfettered daring 
and imagination of youth; while on the 
other hand creativity in the arts de¬ 
pends essentially upon human expe¬ 
rience and individual emotional deve¬ 
lopment and maturity, so that one’s 
finest works are the products at the end 
of the creative life. Possibly the gifted 
scientific mind exposes a direct re¬ 
sonance with nature, not as much 
dependent on human events and 
feelings. 

The quest for and sensitivity to 
beauty in science are naturally deep 
concerns of Chandrasekhar. He ad- 
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dresses them in the R. R. Wilson 
Lecture of 1979, and here he partly 
returns to the themes of the Ryerson 
Lecture. He presents to us G. N. 
Watson’s description of the transports 
of joy he felt on encountering some of 
Ramanujan’s mathematical formulae; 
Boltzmann’s reactions to Maxwell’s 
work on the dynamical theory of gases; 
Einstein’s emotions on the completion 
of his general theory of relativity; Weyl’s 
giving precedence to beauty over agree¬ 
ment with experiment in his work in 
physics; and once again the passage 
from Heisenberg on the discovery of 
matrix mechanics. Chandrasekhar ex¬ 
presses himself thus: ‘It is, indeed, an 
incredible fact that what the human 
mind, at its deepest and most profound, 
perceives as beautiful finds its reali¬ 
zation in external nature.’ From these 
many instances it emerges that scientists 
always use the language of the arts in 
describing the beauties of science— 
there is no other way to communicate 
these matters! But Chandrasekhar also 
sounds a note of caution—astounding 
success in science can later lead to an 
excess of confidence in oneself, to errors 
of judgement, and the loss of a critical 
and balanced attitude. Here it is amus¬ 
ing to remark that in his 1946 essay 
Chandrasekhar had said, speaking of 
appropriateness and coherence in scien¬ 
tific theory: ‘I admit that these are 
things which cannot be defined any 
more than beauty in art can be defined; 
but people who are acquainted with the 
subject have no difficulty in recognizing 
or appreciating it.’ But by 1975, in 
speaking of evaluating scientific theories 
as works of art, he is rather critical of 
an almost identical statement of Dirac 
from 1939; for he says: “It will not do, I 
think, to dismiss such an inquiry with 
an assertion such as Dirac’s (made in a 
different context): ‘Mathematical beauty 
cannot be defined any more than beauty 
in art can be defined, but which people 
who study mathematics usually have no 
difficulty in appreciating.’” 

The case of the general theory of 
relativity has special appeal to Chandra¬ 
sekhar, and on more than one occa¬ 
sion he tells us why ‘It is probably 
the most beautiful of all existing 
theories’. He sees it in the fact that the 
theory brings together space and time 
on the one hand, and matter and 
motion on the other; that like Moore’s 
characterization of the greatest sculp¬ 


tures as revealing new aspects of beauty 
at every distance from which they may 
be viewed, this theory too is beautiful at 
all levels, all scales of examination. And 
as he expounds in great detail in the 
concluding essay, the appreciation of its 
aesthetic base has been of direct rele¬ 
vance in formulating and solving 
highly nontrivial physical problems 
within the theory. 

The three biographical essays are 
devoted respectively to Edward Arthur 
Milne, Arthur Stanley Eddington, and 
Karl Schwarzschild. Each of them is 
written with a master’s eye and pen. 
This is not the place to recall any of the 
technical matters dealt with in these 
pieces. Suffice it to say that on going 
through them, one gets a fine picture of 
the founding of the various branches of 
the modern science of astrophysics, and 
of the seminal contributions made by 
each of these three figures. Chandrase¬ 
khar is of course eminently qualified to 
speak of them, having known both 
Milne and Eddington personally over 
long periods of time; and in the case of 
Schwarzschild not merely because 
Chandrasekhar himself is one of the 
ablest practitioners of the general theory 
of relativity. The portraits of Milne and 
Eddington are vividly drawn with sym¬ 
pathy and sensitivity, and yet with a 
critical and discerning attitude to their 
work and personalities. With Milne, 
Chandrasekhar finds his style and 
approach to physical problems to have 
been of more lasting value than his 
actual accomplishments. In the Edding¬ 
ton essay one reads of the 1935 incident 
that had such a decisive influence on 
Chandrasekhar’s own career; and of the 
successive controversies in which Eddin¬ 
gton was involved with Milne and 
Jeans, Chandrasekhar expresses very 
high regard for Eddington’s early mas¬ 
tery of the general theory of relativity, 
and for his book on it, but finds that he 
achieved less than he was capable of. 
The final lecture shows in brief how 
much Karl Schwarzschild accomplished 
in so many fields in so short a time; and 
brings home the tragedy of his early 
death due to a disease contracted on the 
war front in 1915. 

To sum up: there is a continuity of 
thought and expression in the essays in 
this volume, a concern for beauty and 
motivation in scientific endeavour, a 
caring for music and literature in a 
complete personality. Each piece stands 


as a model of composition and crafts¬ 
manship, evidence of command over 
expression and elegance. In reading 
them one cannot but keep remembering 
Chandrasekhar’s own scale and depth 
of achievement. In an interview he had 
once said: ‘One of the unfortunate facts 
about the pursuit of science the way I 
have done it is that it has distorted my 
personality. I had to sacrifice other 
interests in life—literature, music, 
travelling. I have devoted all my time, 
every living hour practically, to my 
work.’ But one feels that this cannot 
really be the case, as one finds here a 
sensitivity to art, to music and litera¬ 
ture, to Shakespeare and Shelley, Keats 
and Eliot and Beethoven, no less than 
to Newton and Einstein. 

N. Mukunda 

Centre for Theoretical Studies 
Indian Institute of Science 
Bangalore 560 012 


Topics in physics 

Electricity and Magnetism. A. S. Mahajan 
and A. A. Rangwala. Tata-McGraw 
Hill Publishing Co., New Delhi. 1988, 
508 pp. 


This book is a useful addition to the list 
of good undergraduate textbooks in 
electricity and magnetism. As the authors 
say in the Introduction, the book is 
aimed, apart from engineering students, 
to second-year undergraduates in sci¬ 
ence. This perhaps is the reason why the 
book omits some important topics like 
radiation from accelerated charges, 
waveguides, reflection and refraction of 
light and so on. In my opinion, a more 
comprehensive; coverage, possibly in 
two volumes would have been more 
useful. 

The twelve chapters in the book 
follow the standard development. The 
first chapter is devoted to vector 
analysis following which one has the 
usual sequence of electrostatics, current 
electricity, electromagnetism leading up 
to Maxwell’s equations (with discussion 
of its solutions only in simple cases). 

The authors must be congratulated 
for the meticulous care they have taken 
in being correct in both the physics 
presented and the mathematics invol- 
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ved—a refreshing change indeed from 
several textbooks published in India. 
There could be minor differences in 
approach at some points; e.g. I certainly 
feel that the correct definition of a 
vector should be given right in their 
book. I am also not very comfortable, 
when in defining the gradient of a scalar 
field, the authors start with a scalar 
function cp (f (t)) with time entering the 
picture. Apart from such minor dis¬ 
agreement, the presentation is excellent. 
Finally, the large number of solved 
problems and exercises are a very 
positive and distinct feature of the book. 
A few tougher problems marked out 
with an asterisk for the more intelligent 
students perhaps would have been even 
better. 

S. Rai Choudhury 
Dept of Physics and Astrophysics 
University of Delhi 
Delhi 110 007 


Statistical Physics. A. W. Guenault. 
Routledge, London, 1988. 186 pp. 


This is a rather brief introduction to the 
subject, written in an engaging style by 
an active low-temperature physicist. It is 
designed for use in a physics honours 
(B Sc) degree course in Britain. The best 
feature of this book is, I think, the easy 
passage from theory to application, 
found in most chapters. 

I would not call the text unsophisti¬ 
cated (although, the author does, in the 
Preface) because the derivations it 
presents are terse with much of the 
argument condensed into a few lines of 
conversational prose. What is more, it 
expects the reader to be thoroughly 
familiar with basic quantum mechanics. 
These features, incidentally, make it 
unsuitable for B Sc programmes in this 
country. At the same time, it is limited 
in its coverage (as befits a beginning 
text), treating only the ideal gases and 
some non-interacting model systems, 
and touching briefly on the mean-field 
theory of the Ising model. This rules it 
out as a text for M Sc or Ph D courses in 
India. It will probably make useful 
supplementary reading for B Sc and 
M Sc students (and their twkchers). 

At a formal level, the main drawback 


of the book is its restriction (section 1.4) 
to non-interacting systems. The manner 
in which this is done will give the 
beginning reader the impression that 
entropy, temperature, etc. are meaning¬ 
ful only for such systems. The author 
would have done well to pose the 
general problem of statistical physics 
without such assumptions. Also, in the 
matter of phase transitions, the author 
treats only the rather non-representative 
case of the Bose gas, and (briefly) the 
second order transition in the Ising 
model in mean-field theory. A text 
which defines partition functions could 
easily demonstrate that (B = 0, T<Tc) 
in the Ising model is a line of first order 
transitions. 

Finally, a more serious shortcoming 
is the absence of any mention of 
computer simulation. Very illuminating 
demonstrations of equilibration, order- 
disorder transitions, diffusion, and even 
tests of the ‘averaging postulate’ (section 
1.3) can be made on a PC using easily 
available programs. 

Despite these shortcomings, the book 
remains a reasonable supplement to a 
first course in statistical mechanics. 

Sriram Ramaswamy 
Department of Physics 
Indian Institute of Science 
Bangalore 560 012 


Horizons of Physics. A. W. Joshi. Wiley 
Eastern Limited, New Delhi. 1989, 
383 pp. 


The book is the first in the series 
planned by Indian Association of Physics 
Teachers to provide review articles in 
the frontiers of physics and related inter¬ 
disciplinary areas. The authors have 
tried to describe recent developments 
with minimum of mathematics. 

The series of three articles ‘Funda¬ 
mental particles and their interactions’ 
by R. M. Godboie, ‘A tale of two bricks: 
quarks and gluons’ by B. K. Agarwal 
and ‘Quark structure of hadrons’ by 
S. P. Pandya and S. B. Khadkikar, 
depict the present status of elementary 
particles and the quark structure of 
matter. The astrophysical aspects of 
stars and the galaxies are discussed in 


articles ‘The Sun and its family’ by S. 
Chandra and U. S. Pandey, ‘Astro¬ 
physics’ by K. D. Abhyankar and 
‘Radio astronomy’ by V. R. Venugopal. 
The series of articles provide the reader 
an up-to-date information in the rele¬ 
vant areas. 

The articles ‘Quantum mechanics’ by 
P. M. Agarwal, ‘The physics of X-rays’ 
by S. I. Salem and A. Kumar, ‘Develop¬ 
ment in nuclear physics and future 
challenges’ by M. Z. R. Khan and 
‘Scattering in a generalized central 
potential’ by H. C. Sharma will be use¬ 
ful even to M Sc students in view of the 
appropriate coverage of topics. For 
researchers in the field the articles 
‘Recoilless emission and absorption of 
gamma radiation or Mossbauer effect’ 
by V. K. Garg and ‘Amorphous and 
liquid semiconductors’ by A. Kumar 
will serve as useful references. 

For topics of general interest and for 
emphasis on the concepts, the articles 
‘The theories of relativity’ by J. V. 
Narlikar, ‘Understanding physics from a 
philosophical point of view’ by A. W. 
Joshi and D. P. Khandelwal, and 
‘Comments on Faraday’s Law’ by H. S. 
Mani are strongly recommended for 
reading. 

The articles are generally well written 
and are recommended for reading by all 
interested in obtaining a good under¬ 
standing of physics. Perhaps a few 
comments may help in improving read¬ 
ability of the book. For example, the 
photographs in article ‘Fundamental 
particles and their interactions’ are not 
of good quality. Some reference books 
could have been included in the reading 
lists for articles ‘The physics of X-rays’, 
‘A tale of two bricks: quarks and gluons’ 
‘Astrophysics’ and ‘Radio astronomy’. 
Page numbers can be provided on the 
contents of each chapter at the begin¬ 
ning. 

On the whole the book serves as a 
good reference book and is recommended 
for reading by every student of science 
and physics in particular. It is recommen¬ 
ded for purchase by the library of every 
University and College. 

N. G. PUTTASWAMY 
Department of Physics 
Bangalore University 
Bangalore 560 056 


288 


CURRENT SCIENCE, VOL. 59, NO. 5, 10 MARCH 1990 


PERSONAL NEWS 


Charles Solomon Pichamuthu 

A tribute on his ninetieth birthday by B. P. Radhakrishna 


The completion of ninety is an achieve¬ 
ment—whether it be in the cricket field, 
in life’s journey or in any type of human 
endeavour; it is a matter for congratul¬ 
ation. Our warm greetings go to 
Professor Charles Solomon Picha¬ 
muthu on this day (10 March 1990) 
when he crosses the ninetieth milestone 
on his life’s journey. On this occasion it 
is worth recapitulating what he said 
about himself some fifteen years ago: 

I would like to thank God for all His 
mercies to me throughout these years. 
During a long scientific career of over 
50 years I have met with obstacles and 
obstructions, frustrations and seeming 
failures; but sooner or later another 
door has opened through which I have 
been led on to further advancement. I 
do not attribute this to mere luck or 
chance, blind fate or predestination, 
but only to the grace of a benevolent 
providence. 

This autobiographical reverie summa¬ 
rizes the life of Prof. Pichamuthu and 
highlights the attitude of mind that has 
guided his actions all these years. He 
has now reached the venerable age of 90 
years with all his faculties intact and 
can look forward to crossing the 
century, creating one more record in his 
eventful career. 

Early years 

Charles Solomon Pichamuthu (affectio¬ 
nately called Charlie by his closest 
friends) was born in Dindigul on 10 
March 1900, the eldest son of Shantappa 
Velliah (S.V.) Pichamuthu, the well- 
known headmaster of the Wesleyan 
Mission High School. Pichamuthu’s 
early education was at the same school, 
where the teaching and training given 
were of a high order. The senior Picha¬ 
muthu was a great scholar in English as 
well as Tamil and a strict disciplinarian. 
He had a good library consisting of the 
choicest books in English literature, 
which became available to the young 
Pichamuthu for study. No wonder then 
that the young Pichamuthu stood first 
in all the examinations. 

Pichamuthu joined the Central Col¬ 
lege, Bangalore, for higher studies in 
1919. He owes his love of field work to 


his early training there under Professor 
P. Sampat Iyengar. Soon after gradu¬ 
ation in 1921 he accepted the post of an 
assistant geologist in the state of 
Travancore. He enjoyed doing field 
work, living in a house-boat and 
travelling long distances over canals 
lined with lovely coconut palms. He 
remained in Travancore for six years 
(1921-1927), and when a post of assist¬ 
ant professor of geology at Central 
College, Bangalore, was advertised, he 
applied for it and got it, much to the 
annoyance of Sampat Iyengar, who had 
other ideas about filling the post. 

Meanwhile Sampat Iyengar had 



become director of the Mysore Geologi¬ 
cal Department. Being both professor at 
the College and head of the Survey, he 
introduced a scheme whereby there 
could be a healthy exchange of func¬ 
tions between members of the Survey 
and the College. A. M, Sen and B. Rama 
Rao of the Survey were drafted to give 
lectures at Central College, and Picha¬ 
muthu, now an assistant professor in 
the College, was taken to the Survey to 
study aspects of Mysore geology. It is 
to this happy circumstance that Pi¬ 
chamuthu owes his initiation to the 
geology of Mysore state. From that 
time onwards his interest in the subject 
never flagged and he was able to add 
substantially to our knowledge about 
the geology of the state. 


Advanced training at Glasgow 

Pichamuthu was ambitious and was not 
content at being a subordinate assistant 
professor. He had a great desire to go to 
one of the European universities for 
higher studies. After first considering the 
universities of Heidelberg and 
Geneva—he also suffered the injustice, 
later rectified, of being denied leave on 
unfair grounds—, Pichamuthu selected 
the University of Glasgow. There he 
came under the influence of two famous 
teachers of the day. Professor E. B. 
Bailey and G. W. Tyrell. Scottish 
geology was not much different from 
that of Peninsular India and field trips 
under the guidance of these two masters 
enabled Pichamuthu to see things in a 
new light. 

In Glasgow, instead of selecting a local 
problem like most other students visit¬ 
ing the UK, Pichamuthu preferred to 
work on material brought from India. 
Quartzites, conglomerates and handed 
iron-formation of the Bababudan region, 
where he had worked earlier, had 
been regarded as originally igneous 
by the officers of the Mysore Geological 
Department. Pichamuthu, convinced of 
their sedimentary character, selected 
these rocks for detailed study. He 
contributed two papers, one on the 
Kaldurga conglomerate, and the other 
on the banded iron-formation of Baba¬ 
budan. These are two of his best papers 
and opened up a new trend in the study 
of Precambrian sediments. B. Rama 
Rao, another indefatigable worker in 
Mysore geology, had, in the meantime, 
become director of the Mysore Geolo¬ 
gical Department. He, too, independently 
of Pichamuthu, had comer to the 
conclusion, mainly as a result of close 
field studies, that many of the rocks 
included in the Dharwar Group were 
originally sedimentary in character and 
it was wrong to consider them as having 
had an igneous parentage. He presented 
a summary of his findings in his 
presidential address delivered before the 
Geology Section of the Indian Science 
Congress, In doing so, he failed to make 
a reference to the work of Pichamuthu. 
This was unfortunate and as a conse- 

im 
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quence relations between the University 
Department of Geology and the Mysore 
Geological Department became 
strained. 

Glasgow University awarded the D Sc 
degree to Pichamuthu for his work. At 
about the same time he was elected 
fellow of the Royal Society of Edinburgh. 

Study of the Precambrian—Life¬ 
long odyssey 

Pichamuthu returned to India in 1936 
and started his field work with renewed 
vigour. Thus commenced his study of 
the Precambrian, which became for him 
a life-long journey of adventure. Picha¬ 
muthu was very fond of field work and 
felt that the field was the proper place 
to teach geology. He took parties of 
students again and again to the same 
outcrops, which he re-examined closely, 
and came out with new observations. 

The ten-year period 1937-1947 was 
full of activity. In later years he used to 
recall this period as the Golden Age of 
the Geology Department at Central 
College. In 1947 he was chosen president 
of the Geology Section of the Indian 
Science Congress and gave a clear and 
coherent account of the Precambrian of 
Mysore state. 

In 1948, on the retirement of B. Rama 
Rao, Pichamuthu had the good fortune 
of being selected director of the Mysore 
Geological Department. The adminis¬ 
trators of those days had great foresight 
and chose the best candidates to head 
development departments. Pichamuthu 
discharged his duties as director with 
efficiency and enhanced the reputation 
of the Department. He had keen powers 
of observation and spotted features that 
others had overlooked. His recognition 
of graded bedding in quartzites, intra- 
formational folds in iron-formations, 
pillow structures in Archaean lava 
flows, association of pink granites and 
chamockites, and clouding of plagioclase 
in dyke rocks of the charnockite region 
are some instances of his special ability. 
He discussed the significance of these 
features in a number of short contribu¬ 
tions. Speaking of his interest in Mysore 
geology he wrote: 

I was physically in this beautiful land 
which happens to be one of the oldest 
parts of the earth’s crust, composed as 
it is of geological formations many of 
which are as old as 3000 million years. 
The study of these ancient rocks was 
thus a fascinating and exciting explo¬ 


ration into an inexhaustible past. It is 
difficult for a new geologist to realize 
the exhilaration of delving into the 
dawn of geological history and trying 
to reconstruct the conditions under 
which the Precambrian rocks of that 
period could possibly have been 
formed. 

Mysore Geologists’ Association 

The Mysore Geologists’ Association 
had come into existence in 1949 with 
Pichamuthu as its president. At the 
annual meetings of the Association, 
Pichamuthu would mix freely with 
others and make himself quite pleasant. 
He took great pains to prepare his 
presidential addresses and came out with 
brilli^tot summaries of problems of curr¬ 
ent geological interest. Two addresses, 
one on the ‘Granite problem’ at 
Kemmanagundi and the other on the 
‘Charnockite problem’ at Shimsha, were 
later printed and widely circulated. 
These addresses, especially the latter, 
were welcomed by all the leading 
geologists of the day. His own professor, 
Sir Edward Bailey, called it ‘a masterly 
review of the subject which would be of 
much use to geologists all over the world’. 
Prof. Arthur Holmes, voicing the views 
of petrologists, said, ‘Books like yours, 
which summarize so adequately a de¬ 
finite field and bring the status of the 
problem right up-to-date, are of very 
special value.’ This book, containing as 
it did a review of world-wide occur¬ 
rences of granulitic rocks, soon became a 
valuable book of reference to the study of 
this important petrological problem. 

The main contribution of Pichamuthu 
to the charnockite problem was his 
recognition of two types of chamockites, 
an older variety which was gneissic or 
granulitic and formed by regional meta- 
morphism of pre-existing schists and 
gneisses, and a younger one which was 
coarse-grained and granitic and formed 
by anatexis. 

Pichamuthu found evidence for the 
transformation of Peninsular gneiss to 
charnockite in a quarry at Kabbaldurga, 
and realizing the importance of his 
observation, communicated a paper to 
Nature with the title ‘Charnockite in the 
making’, and soon after followed it up 
with a more detailed paper, ‘Transfor¬ 
mation of Peninsular gneiss to charnoc¬ 
kite’, which was published in the Journal 
of the Geological Society of India (vol. 2, 
1960, pp. 46-49). This was the starting 


point for research on this important 
topic. Kabbaldurga has since become 
world-famous. When, recently, a work¬ 
shop was held in Bangalore on ‘Deep 
continental crust of South India’, the 
world leaders of earth science who had 
assembled on that occasion called on 
Pichamuthu at his residence to pay 
their tribute to an outstanding persona¬ 
lity who had helped focus the attention 
of the world on an important aspect of 
the charnockite problem. 

American diary 

Pichamuthu was selected in 1953 under 
the leadership exchange programme of 
the US Government to tour the United 
States. He made the maximum use of 
the opportunity and formed many 
lasting friendships. On his return journey, 
he visited London and Glasgow and 
called on Arthur Holmes, Edward 
Bailey and G. W. Tyrell. As he progressed 
on his grand tour through the United 
States he put down in writing all he saw 
of that country. The letters he wrote 
were later published in the Information 
Circular of the Mysore Geologists’ 
Association under the title ‘My American 
diary’ and were avidly read by all 
members of the Association. 

Retirement and after 

In 1955, on completion of 55 years, he 
retired from government service, although 
still hale and healthy and very fit for 
further years of work. Thanks to the 
interest that Arthur Holmes took in 
him, he was invited to accept the post of 
a professor of geology at the University 
of Malaya in Singapore. He spent the 
next four years in Singapore organizing 
a new department. 

In 1963, on the death of Prof. C. 
Mahadevan of the Andhra University, 
the vacant post of professor of geology 
was offered to Pichamuthu. He moved 
over to Waltair (Visakhapatnam) and 
spent the next two years there. By now 
he had become an international figure 
known for his many contributions to 
the Precambrian of India. His wide 
knowledge of geological literature, his 
power of logical deduction, and his 
ability to express his thoughts clearly 
and succinctly enabled him to bring 
clarity where there was confusion before. 

Professor Rankama had embarked on 
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an ambitious project of covering the 
Precambrian of the world in a series of 
several volumes. He naturally chose 
Pichamuthu to write the section on 
India and Ceylon. This was a rare 
honour. Pichamuthu executed the task 
with his usual thoroughness. This account 
of the Precambrian of India is frequently 
quoted, being one of the very few 
comprehensive accounts of the Indian 
Precambrian. 

In 1972 Pichamuthu was elected 
president of the Geological Society of 
India, an organization he had helped to 
found fourteen years earlier. He remained 
its president till 1984, when failing 
health made him give up the post. He 
had steered the Society through a 
difficult period and had the satisfaction 
of seeing it grow in stature. When he 
was still president, the Society celeb¬ 
rated its silver jubilee in 1984. Picha¬ 
muthu himself had reached the age of 84 
years by then. In 1988 the D. N. Wadia 
Medal of the Indian National Science 
Academy was presented to him in recog¬ 
nition of his significant contributions to 
the Precambrian geology of India. 


Admirable qualities 

Pichamuthu possessed many admirable 
qualities. These gained for him a very 
large circle of friends in all walks of life. 
His interests were not confined to 
geology alone. He was a great lover of 
cricket and a good player of chess. He 
was an active member of the YMCA 
and took part in all sports activities. 

What struck anyone who came in 
close contact with Pichamuthu was his 
studiousness and methodical habits. He 
lived all his life learning. Each paper 
that he wrote was drafted after a patient 
search for all sources of knowledge on 
that particular subject. He would take 
copious notes and arrange them syste¬ 
matically and it was only after this 
patient and long-drawn-out exercise 
that he started building the structure of 
the paper, in logical sequence. It was 
Pichamuthu who started the practice of 
conscientious listing of the sources of 
information, a practice which had not 
been strictly followed by the earlier 
geologists of Mysore, He did fair justice 
to the work of those who preceded him. 
He was also tenacious and would not 


From metallurgy to managing a nuclear reactor 


A 




C. V. Sundaram, born on 7 November 
1929, had his academic training in 
chemistry at the Presidency College, 
Madras from where he took his BSc 
(Hons) in 1949. He then did his DIISc 
(Met) at the Indian Institute of Science, 
Bangalore, and joined the Department 
of Atomic Energy and started his 
research in chemical metallurgy with the 
late Brahm Prakash. 

When Brahm Prakash moved over to 
Bombay to head the Metallurgical 
Research Programme on nuclear mate¬ 
rials, Sundaram also joined him in 
the research studies on the extractive 
metallurgy of these materials. Their 
collaboration efforts spanning over two 
decades have witnessed momentous 
contributions not only in the field of 
nuclear metallurgy but in the whole 
gamut of metallurgical research in the 
country. If it is Brahm Prakash who 
laid the firm foundation for nuclear 
metallurgy in the country, it can be said 
of Sundaram that he, along with several 


other distinguished metallurgists of the 
DAE, have provided an enduring struc¬ 
ture to it. They have secured a proud 
place for the nation among the leading 
nations in nuclear metallurgy in the 
world. 

Sundaram’s contributions in funda¬ 
mental and applied metallurgy are wide 
and varied. Under his leadership, a host 
of technologies ranging from hydro-, 
pyro-, pyrovacuum- and electro-meta¬ 
llurgy and several modern metal refin¬ 
ing techniques like CVD, PVD and EB 
melting have been developed for almost 
all the metals in the reactive and 
refractory metals group. Many of these 
processes are now being commercially 
practised in the country. To cite a few 
instances, zirconium sponge plant, 
zirconium powder plant, tantalum 
powder plant, beryllium plant and 
production facilities for boron carbide/ 
boral are all in regular operations in 
different parts of the country. Titanium 
production technology was first tested 


let go of a problem easily. He would go 
back to it again and again, wrestle with 
it to gain insight. It is this ability that 
made his writing lucid and attractive. 

He was not a religious man in the 
conventional sense, but was a true 
believer in a supreme authority guiding 
the destiny of man. The Bible was his 
constant companion and he derived 
inspiration and solace from it. He was 
religious in his own special way. 

When the great scorer comes 
To mark against your name, 

He cares not whether you won or lost 
But how you played the game. 

Pichamuthu, a born cricketer, has 
played the game exceedingly well. He is 
ninety and is not out. Let us all wish 
that he will continue to play the game 
and step into the twentyfirst century 
with all his senses intact. 


B. P. Radhakrishna is editor, Journal of 
the Geological Society of India. This 
tribute is a condensed version of the one 
published in Granulites of South India 
(Geological Society of India Memoir 17, 
Pichamuthu Volume, 1990). 


on a pilot scale at the NFC, Hyderabad 
and based on this a 100-T demonstration 
plant was set up and operated at the 
DMRL, Hyderabad. 

Sundaram served BARC till 1982 
when he shifted his activities to Kalpa- 
kkam, where he took charge as Director, 
IGCAR. Here, under his leadership the 
commissioning of the first experimental 
fast breeder reactor (FBTR) was com¬ 
pleted and it was put into operation in 
1985. 

Sundaram is also associated with the 
Indian Institute of Metals for well over 
three decades and has rendered yeoman 
service to this premier metallurgical 
institute in several capacities. Beginn¬ 
ing as an ordinary member, he rose to 
become the Chief Editor of the Trans 
IIM, Chairman of the Materials Science 
Division and was elected President for 
the year 1981"82. He has since been 
conferred Honorary Membership of the 
Institute. He is also a Fellow of both the 
Indian Academy of Sciences and the 
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Indian National Science Academy. He is 
the Chief Editor of a very recent 
journal. Metals, Materials and Pro¬ 
cesses, launched last year from India. 

For a person who has made such 
varied and outstanding contributions, it 
is only but natural that recognition and 
awards come his way. Sundaram has 
received numerous awards—Kamani 
Gold Medal (1966), Binani Gold Medal 
(1968), NMD Award (1970), Vasvik 
Award (1979), Platinum Jubilee Award 


of the IISc (1984), IIM Platinum Award 
(1985), Sanjay Gandhi Award (1985), 
S. H. Zaheer Medal (1986) and Padma 
Bhushan (1986). 

Sundaram retired from IGCAR in 
November last year after an illustrious 
and meritorious professional career 
spanning a little over three decades. He 
is presently a consultant to the Nuclear 
Fuel Complex, Hyderabad (DAE), of 
which he was one of the chief architects. 
He had been chosen by the Indian 


Physics Association as one of the DAE- 
CV Raman lecturers for 1989. These are 
lectures addressed to undergraduates 
and given by scientists who have made 
outstanding research contributions and 
are also known for their communication 
skills. 

C. K. Gupta 
R. Chidambaram 

Physics Group 

Bhabha Atomic Research Centre 
Bombay 400 085 


Foreign academies honour Indian scientists 


V. L. Chopra, Biotechnology Centre, 
Indian Agricultural Research Institute, 
New Delhi, and Gurdev S. Khush, Plant 
Breeding Department, International Rice 
Research Institute, Manila, have been 
elected to the fellowship of the Third 
World Academy of Sciences, Trieste, 


Italy. Khush has also been elected 
Foreign Associate of the US National 
Academy of Sciences. Chopra has been 
associated with wheat breeding work 
leading to the development and release 
of many disease-resistant and high- 
yielding wheat varieties. Khush is a well- 


known cytogeneticist and rice breeder. 
Sixty-five high-yielding varieties of rice 
developed under his leadership are 
grown all over the world. He was a 
recipient of the Borlaug Award in 1977. 
In 1987 he shared the Japan Prize with 
Henry Beachell. 
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The wisdom of Francis Crick 

Francis Crick’s What Mad Pursuit: A Per¬ 
sonal View of Scientific Discovery is re¬ 
viewed (page 330) by V. Nanjundiah, an¬ 
other physicist-tumed-biologist. J.D. Wat¬ 
son, in The Double Helix, dramatized the 
discovery of the structure of DNA so much 
that it has been told and retold a million 
times, in the media, in books and in school¬ 
rooms, and is now folklore. Through all this 
Francis Crick has ridden the wave and has 
been the central figure of molecular biology 
for more than a quarter of a century. 

When oae reads what Crick has written 
or what has been written about him, one is 
reminded of the conversation between 
Enrico Fermi and the particle physicist 
Majorana, which Chandrasekhar, the Nobel 
Prize-winning astrophysicist, recalls in his 
book Truth and Beauty: Aesthetics and 
Motivations in Science (see review by N. 
Mukunda, Curr. Sci., 59, 284): 

Majorana: There are scientists who ‘happen’ 
only once in every 500 years, like 
Archimedes or Newton. And there 
are scientists who happen only 
once or twice in a century, like 
Einstein or Bohr. 

Fermi: But where do I come in, Majorana? 

Majorana: Be reasonable, Enrico! I am not 

talkng about you or me. I am talking 
about Einstein and Bohr. 

But the question does arise - where does 
Francis Crick come in? In his ‘personal 
account’, Watson, as if to answer this ques¬ 
tion, says gmdgingly, ‘Some day he [Francis 
Crick] may be considered in the category 
of Rutherford and Bohr.’ History will 
decide whether this is a proper assessment or 
not. 

What Mad Pursuit is a remarkable 
book. It has to be read and reread. The 
beauty of its style and the elegance of its 
presentations mask much hard science. 

Many reviewers have speculated on 
why Crick chose this title, from Keats’ ‘Ode 
on a Grecian Um’. The immortal ode ends 
with 

A friend to man, to whom thou say’st, 

Beauty is truth, truth beauty, 

That is all yc know and all ye need to know. 

One goes back to Chandrasekhar’s Truth 
and Beauty, Elegance and aesthetic beauty 
are said to fulfil an important role in physics 
as it has to conform to deep mathematical 


laws. Biology presents complexity of a 
staggering order, although Francis Crick 
seems to be one who possesses the unusual 
quality of distinguishing what is significant 
from what is not. The beauty that the biolo¬ 
gist seeks is not the stark, aseptic beauty of 
the mathematical physicist. For elegance 
and simplicity are dangerous guides to cor¬ 
rect answers in biology. Elegance, if it does 
exist in biology, may be more subtle. Indeed, 
in the case of biology, one may have to move 
very much away from the mathematical 
physicist’s concepts and redefine for biol¬ 
ogy what beauty and elegance signify. Here 
one may take a leaf out of Francis Crick. His 
approach to science is lusty and it throbs 
with life. It would be natural to seek such 
beauty in biology. 

The book is sparkling, and spiced with 
anecdotes. Sometimes these make us puss 
over the pearls of wisdom that Crick scatters 
before us. For example, ‘One should not 
work so hard as to leave no time for serious 
thinking’. The reviewer is also reminded ot* 
the mathematician Harish-Chandra’s state¬ 
ment:‘...knowledge by advocating caution 
lends to inhibit the llight of imagination. 
Therefore a certain naivete, unburdened by 
conventional wisdom, can sometimes be a 
positive asset.’ 

The book is full of suiprises. Said an¬ 
other reviewer, ‘The detailed quest ibr 
DNA ... is skated over; indeed Crick man¬ 
ages, on page 64, to tell the entire story in 
one bathetic paragraph....’ And another, 
‘Crick’s account of events between 
and 1966 should be studied by all who are 
interested in science and in how scientists 
explore a new field that suddenly opens.’ 

But now biology is big business— the 
major goal is the Human Genome Project 
in which the chemical structure of the entire 
human genetic material will be mapped and 
stored in a computer. What will Crick say 
about all this? He has (wisely?) left molecu¬ 
lar biology (after determining the structure 
of DNA and cracking the genetic code!) and 
moved into neurobiology. 

Perhaps the greatest shock to the reader 
of this book will come from a different di¬ 
rection. No one has ever accused Francis 
Crick of modesty. Who does not remember 
the Graham Greenish opening sentence of 
Watson’s The Double Helix, ‘I have not seen 
Francis Crick in a modest mood’? And yet 
one has to read this book to understand the 
stuff Crick and many of his ilk are made of. 
The greats put on a blustering show to all of 


us mortals, as though they are ashamed to 
show us their innate modesty, humility arid 
even i*cverence wlien they approach natuic. 
Crick says, ‘The glamour belongs to the 
molecule, and bliss it certainly was u> have 
been caught up in its aura.’ 


Agricultural planning for India 

A country as big and populous as India 
cannot alTord not to be self-suft'idcnl in 
agriculture, .lawaharlal Nehru, India’s first 
prime minister, {xrrhaps Ixater known for his 
advocacy of rapid industriali/iition to 
combat poverty, once said, Tiverything can 
wait, but not agriculture.’ Nehru went fur 
therandsaw .symbiotic linkages betw'een 
agriculture and industry, indeed an under 
pinning of the Indian economy by agrieid 
ture primarily. In an article beginning on 
page 303 M.S. Svvaininaihan jiroviilcs the 
background to the challenges lacing Indian 
agriculiurc by briefly describing Nehru’s 
agricultural policy under four major con 
cerns. 'Fhese were agrarian reform, pmtec 
lion ofeeologieal Idundalions of develop 
inenl, rural economy, and application i)f 
modern science and technology to achieve 
agricultural progress. While co-operative 
farming, advocated by Nehru tt> enable ef 
fcclive adoption of scientific agriculture, 
did not work, it is interesting thaicomnuHl 
ily-oricnied co-operatives, like dairy ct> 
operatives, have been successful. But Swa 
minathan argues lor a mappraisal of' the con 
cept of co-operative farming in a situation 
where the majority of agricultural holdings 
belong to small and marginal larmiers. 

Among the technological factors that 
will need attemion in the context of India’s 
agriculture, Swaminathan includes safety 
of foods produced by genetic modification; 
ability to integrate traditional technologies 
with frontier technologies such as biotech¬ 
nology, infonmation technology and space 
technology; promotion of environmentally 
friendly technologies; and ‘anticipatory 
research’ to adapt to altered growing condi¬ 
tions caused by changes in climate and sea 
levels. Biotechnology offers attractive op¬ 
portunities in agriculture. Swaminathan 
stresses the importance of an inteniational 
agreement on the sharing of plant ami ani« 
mal genetic resources and on patenting laws 
to ensure fairness to all countries in reaping 
the benefits of biotechnology. 
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Differentiation in cultured 
plant tissue 

In the highly empirical technique of plant 
tissue culture, some general rules for induc¬ 
ing differentiation of cultured tissue did 
emerge. For example, relative concentra¬ 
tions of auxin and cytokinin in the growth 
medium control root and shoot differentia¬ 
tion. But genetic engineering of plants often 
involves regeneration of whole plants from 


single, genetically altered cells, and so plant 
biotechnology requires a much deeper un¬ 
derstanding of the control of growth and dif¬ 
ferentiation. Urmil Sethi and Sipra Guha- 
Mukherjee review (page 308) current un¬ 
derstanding of the biochemical and molecu¬ 
lar events that underlie proliferation and dif¬ 
ferentiation of plant cells in culture. 

The authors’ own work has concen¬ 
trated on Brassica oleracea. In Brassica 
cultures, as in many others investigated, 
methionine, S-adenosylmethionine, polyam¬ 


ines and ethylene stimulate proliferation, 
while inhibitors of polyamine biosynthesis 
and ethylene antagonists check growth and 
induce differentiation. Two enzyme mark¬ 
ers of differentiation and the transition to 
differentiation are also known. Threonine 
deaminase and glyoxalase-I show reduced 
activity in the differentiation phase. Sethi 
and Guha-Mukherjee also give examples of 
the use of gene probes to identify specific 
changes in gene expression during differen¬ 
tiation. 


We’ll help you get there 

If you’re selling science books/journals or 
laboratory products, or wish to recruit 
scientists in your establishment, then 


you’re sure to benefit by 
advertising here. 


Because Current Science reaches nearly every 
university, scientific institution and industrial 
R&D unit in India. What’s more, it’s read by 
hundreds of individual subscribers—students, 
doctoral scientists and professionals in vir¬ 
tually every field of scientific activity in India. 

Current Science has the largest circulation 
among scientific journals in India. 

And to give you more impact, we’re now 
bigger, and better. 

Write now, or send your copy to 



C. V. Raman Avenue, P. B.. No. 8001, 
. Bangalore 560 080 
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Science in Indian journats 

The write-up by G. Padmanaban^ on 
the standard of papers in Current 
Science is interesting. The question of 
uplifting the standard of Indian scientific 
journals has been discussed in many 
forums over the years. Nothing much 
has happened yet! The journals and the 
science in them seem to remain in 
obscurity for ever. This would be so as 
the quality of the basic science in the 
country is not improving at any great 
pace and journals from a country 
usually reflect, at the beginning, the 
quality of science being performed in 
that country. Thus, there cannot be a 
good journal from not-so-good science, 
although the reverse is not always true 
(for example, Japan, which in spite of 
having good scientific infrastructure 
does not produce any major scientific 
journal). 

However, there is a way out. It is very 
much understandable that no young 
scientist or, for that matter, mid-career 
scientist in India would ever like to 
publish in Indian scientific journals for 
reasons which need not be elaborated 
again. Nevertheless, we have in our 
country a few established scientists 
(practising and publishing at a good 
rate) who have proven their credentials 
by publishing regularly in major inter¬ 
national journals. They can indeed send 
their best work, which they feel could 
have gone into any international journal 
of repute, to Indian journals. None 
would doubt the quality of work if it 
comes from a working reputed scientist 
(we usually judge a paper by looking at 
the address from where it comes rather 
than by reading it, which is why no mid¬ 
career scientist can afford to take such a 
risk). The author can still reach a wider 
audience by sending reprints to the 

'Padmanaban, G., Curr. Sci., 1990, 59, 5. 


people who would be interested in the 
work. I personally feel this may work. 
In any issue of a journal, if we have two 
or three articles that would be read and 
cited by others, that is enough. 

Dipankar Chatterji 

Centre for Cellular and 
Molecular Biology 
Hyderabad 500 007 


G. Padmanaban, in The quality of 
research in Current Science\ stated that 
most papers reporting studies of pesti¬ 
cides and other toxic compounds in a 
wide range of aquatic and other orga¬ 
nisms did not deserve to be published in 
Current Science. A great number of 
studies are conducted, particulalry at 
university research centres, on pesticide 
toxicity to aquatic organisms. The 
majority of the studies pertain to effects 
of pesticides on casy-to-do parameters 
like oxygen consumption, organic re¬ 
serves like lipid, protein and glycogen, 
or enzymes like acid phosphatase and 
alkaline phosphatase. Everyone knows 
that organochlorine pesticides have resi¬ 
dual effects and organophosphorus pesti¬ 
cides affect the nervous system by 
inhibiting acetylcholinesterase. Surpri¬ 
singly, central funding agencies still 
have funds to give away to projects of 
the above nature. Refusing to publish 
papers will not discourage scientists 
from conducting such studies. The 
research advisory committees, which 
screen the research projects at the 
universities and central funding agencies, 
should take an active part in dissuading 
scientists from carrying out noninfor- 
mative, repetitive research. 

Laboratory experiments may be neces¬ 
sary for a newly generated pesticide for 
which little toxicity information exists. 
The need for such experiments hardly 
arises in India, since almost all currently 
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used pesticides have originated in other 
countries and they have already been 
extensively studied. A pesticide toxicolo¬ 
gist may insist on conducting experi¬ 
ments in Indian conditions. This may be 
valid as toxicity of pesticides is greatly 
influenced by water criteria. The study 
has to be carried out using water from 
the river, where the pesticide pollution 
is taking place or is likely to take place, 
rather than with water from a pond or a 
well situated near the laboratory. 

K. Sadasivan Pillai 

Jai Research Foundation 
P.O. Valvada 396 108 


Quality in scientific publishing can-be 
enforced only through editorial policy 
and peer review. Our scientific strength 
is numerically comparable to that of the 
whole of Europe. The number of papers 
our scientists contribute annually to 
international journals is also quite 
impressive. Our own science journals 
cannot attract many of these papers. 
The recognition our system attaches to 
‘foreign’ publications is one reason for 
this. We may succeed in reversing this 
trend, though only slowly, when we can 
bring in more professionalism and 
quality in science publishing. There is 
no dearth of such professionalism. 
Resources are a genuine constraint for 
some publishers. But even those publish¬ 
ing organizations with resources do not 
appear to be keen on promoting quality 
and professionalism. The major ill, I 
believe, is the general policy to print 
papers with relaxed scrutiny, and accep¬ 
tance of papers on considerations other 
than scientific merit. 

We witness a disgusting race to 
publish. This situation churns out many 
worthless reports and doubtful claims. 
Many may help only in polluting the 
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scientific literature. The only beneficiary 
of these publications is the author 
because the career advancement system 
followed in our universities and research 
organizations promotes quantity rather 
than quality and objectivity. This race 
for numbers is also encouraging frag¬ 
mentation of a single piece of work for 
more publications and resort to fraudu¬ 
lent methods. The peer review system is 
not always effective in curbing these 
unhealthy tendencies. The recent Ben- 
veniste case involving Nature illustrates 
this point. 

S. Bala Ravi 

National Research Centre for Sorghum 

Rajendranagar 

Hyderabad 500 030 


Science in India 

Many of us are worried about the state 
of affairs in the country as well as its 
science and technology. There is an 
apparent revival of emphasis on the 
cultivation of scientific temper and 
values. 

Many stalwarts of science have come 
up with solutions as well as complaints. 
To me, we all lack something basic, 
which people in general and scientists in 
particular possess in most of the so- 
called advanced countries. In compari¬ 
son, we have a much bigger cult of 
individual superiority (related to position 
and status), lack of humility, and the 
extremely slavish characteristic called 
sycophancy. The less material resources 


we possess per capita, the more we tend 
to follow this pattern. 

Caring for man and his destiny must 
always constitute the principal interest 
of all technical efforts. Let us hope we 
build such a scientific and technical 
structure where selfish and egoistic 
actions are looked down upon while 
humility and equanimity prevail 
amongst one and all. The acid test of 
our S&T progress will then be reflected 
through the actual living standards in 
our villages and urban slums. 

Narendra Nath 

Physics Department 
Kurukshetra University 
Kurukshetra 132 119 
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In search of quantum reality 

r . 


An international conference on the 
conceptual foundations of quantum 
theory, ‘In Search of Quantum Reality’ 
(ISQR), was held at the India Interna¬ 
tional Centre, New Delhi from 28 
December 1989 to 2 January 1990. The 
conference was organized by NIST ADS 
(CSIR) and co-sponsored by many 
institutes and organizations including 
the Raman Research Institute, the 
Physical Research Laboratory, the S. N. 
Bose National Centre for Basic Sciences, 
the Department of Science and Techno¬ 
logy, the University Grants Commission, 
and the Department of Atomic Energy. 
It is particularly noteworthy that this 
conference, concerning the much debated 
* questions raised about the nature of 
physical reality in the interpretations of 
quantum theory, is the first of its kind 
to be held in India. In recent years this 
topic has attracted considerable inter¬ 
national attention (see, for example, 
Proc. 3rd Int. Symp. on Foundations of 
Quantum Mechanics in the Light of New 
Technology, Physical Society of Japan, 
Tokyo, 1990; F. Seller!, Quantum Para¬ 
doxes and Physical Reality, Kluwer, 
Dordrecht, 1990) in view of the emerging 
link between the relevant recondite 
conceptual issues and experimental stu¬ 
dies based on modern technological 
advances. These advances have enabled 
many ‘thought experiments’ to be rea- 
4 lized in practice, thereby making the 
physicists more acutely aware of the 
physical relevance of the various para¬ 
doxes of quantum theory. 

The conceptual difficulties inherent in 
quantum mechanics, which in the words 
of Richard Feynman ‘nobody really 
understands’, led to a celebrated schism 
between Einstein and Bohr. Criticising 
the fundamental status given to indeter¬ 
minism in quantum theory, Einstein 
remarked ‘God does not play dice.’ This 
prompted the famous rejoinder from 
Bohr to the effect that Einstein should 
stop telling God what to do. Challenging 
the universal validity of the quantum 
mechanical doctrines and the claim that 
quantum reality depends on observation. 


Einstein raised the question ‘Is the 
moon there when nobody looks at it?’ 
In his later years, Heisenberg remarked: ‘ 
‘The strangest experience was that the 
paradoxes of quantum theory did not 
disappear during the process of clarifica¬ 
tion; on the contrary, they became even 
more marked and more exciting.’ 

The conference re-examined some of 
these exciting and profound issues. 
There were about eighty participants 
from India and abroad. Thirty selected 
papers were presented which dealt with 
a wide spectrum of issues ranging from 
the quantum measurement problem, the 
Einstein-Podolsky-Rosen Paradox and 
the status of local realism, the many 
worlds interpretation, inflationary cos¬ 
mologies and quantum non-locality, 
‘beable’ quantum field theory to hard¬ 
core experimental studies involving elec¬ 
tron holography and laser interferometry. 
Among the Indian speakers were Pro¬ 
fessors V. Singh and S. M. Roy from the 
Tata Institute of Fundamental Research, 
Bombay; Prof. R. K. Varma from the 
Physical Research Laboratory, Ahme- 
dabad; Dr R. Bhandari from the Raman 
Research Institute, Bangalore; Dr K. 
Datta from the University of Delhi; Dr 
M, D. Srinivas from the University of 
Madras; Dr. A. Datta from Jadavpur 
University; Dr P. Ghosc from S. N. Bose 
National Centre for Basic Sciences, Cal¬ 
cutta; and Dr R. Nair from NIST ADS, 
New Delhi. Some of the eminent foreign 
speakers included Prof. F. Selleri (Uni¬ 
versity of Bari, Italy); Prof. J. S. 
Anandan (University of South Carolina, 
USA); Prof. A. Sudbery (University of 
York, UK); Prof. M. A. B. Whitaker 
(Queen’s University of Belfast, N. Ire¬ 
land); Prof. E. Santos (University of 
Cantabria, Spain); Dr Y. Murayama 
(Hitachi Ltd, Japan); Prof J, Corbett 
(Macquarie University, Australia); Prof 
H. Lichte (University of Tubingen, 
FRG) and Prof A. Qadir (Quaid-i- 
Azam University, Pakistan). Proceedings 
of this conference will be published by 
the Plenum Press, New York. 

The ISQR conference succeeded in 


conveying a flavour of the delicate 
complexity and subtle philosophical 
predilections involved in issues concern¬ 
ing the quantum physicist’s conception 
of ‘physical reality’. The current world 
view of physics presents us with two 
radically different pictures of reality at 
two different levels, micro-reality (quan¬ 
tum reality) and macro-reality (classical 
reality). The essence of the puzzle lies 
not in the feature that these two 
pictures are not derivable from one 
another but in that they are mutually 
incompatible when applied to the macro¬ 
scopic arena (as is demonstrated in the 
very existence of the quantum measure¬ 
ment problem), and that there is no 
clear-cut prescription as to precisely 
where quantum reality turns into classiail 
reality. It is therefore imperative to 
dispense with this peculiar conceptual 
dichotomy of physics into microscopic 
and macroscopic phenomena, and try to 
re-establish a unitary account of the 
physical world. It is in this context that 
one needs decisive experimental tests of 
the extrapolation of some of the key 
ingredients in the quantum formalism 
(such as the superposition principle) to 
the macroscopic domain. Recent studies 
on ‘mesoscopic physics’ related to the 
transition areas between microscopic 
and macroscopic physics promise to 
shed more light on such problematic 
conceptual issues concerning the con¬ 
nection between quantum and classical 
physics. It also needs to be noted that 
quantum non-local effects are becoming 
increasingly important in various phy¬ 
sical situations and their intriguing 
implications regarding the conceptual 
structure of relativity and basic notions 
of space and time are bound to be far- 
reaching. 

To quote W. Pauli: i think the 
important and extremely difficult task of 
our time is to try to build up a fresh 
idea of reality’. The proceedings of 
ISQR, when published, should be of 
considerable interest to anyone who 
wishes to be kept abreast of explorations 
in quest of ‘a fresh idea of reality’ in the 
arena of the foundational problems of 
quantum theory. 

Dipankar Home, Bose Institute, Calcutta 
700 019. 
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High-tech firms take to subtle quantum effects 


One of the remarkable features of 
advanced technology is its close interplay 
with fundamental physics. Unlike tradi¬ 
tional industry, modern high-tech firms 
can no longer afford to ignore quantum 
mechanics—the abstract theory of atomic 
and nuclear processes. Physicists, mathe¬ 
maticians and industrial researchers 
alike must now get together and discuss 
their dreams and problems. This new 
realization has been heightened by the 
success of Akira Tonomura, Chief Re¬ 
searcher of the Advanced Research 
Laboratory of Hitachi Ltd, Japan. 
Tonomura is the winner of the prestigious 
Nishina Medal of Japan. 

Using electron holography and a 
toroidal magnet of the dimension of a 
micron (one ten-thousandth of a centi¬ 
metre), Tonomura and his group have 
successfully demonstrated a very small 
but striking quantum effect (predicted 
by Aharonov and Bohm in 1959) on 
charged particles like electrons when 
they travel through force-free regions 
enclosing a magnetic field. This demons¬ 
trates the physical reality of the electro¬ 
magnetic gauge field and bolsters our 
confidence in the unified gauge theories 
of the fundamental forces. They have 
also demonstrated the wave-like proper¬ 
ties of single electrons, a near-impossi¬ 
ble practical feat. Their success is 
prompting many high-tech companies 
like IBM to perform other ‘thought 
experiments’ conceived to demonstrate 
new facets of physical reality at the sub¬ 
atomic level. The hope is to be able to 
use these subtle effects in new types of 
high-speed switching devices called ‘wave 
function’ devices. 

Tonomura recently visited the S. N. 
Bose National Centre for Basic Sciences 


in Calcutta from 20 to 26 January, 1990. 
The main purpose of his visit was to 
explore the possibility of collaborating 
with theoretical physicists in planning 
further electron experiments which could 
throw new light on certain longstanding 
problems of quantum theory highlighted 
by the famous debate between Einstein 
and Bohr. 

One possible experiment that was 
mooted (with Partha Ghose and Dipankar 
Home) was a variant of the electron 
double-slit experiment to probe the 
distinction between the ensemble and 
single particle interpretations of the 
wave function championed respectively 
by Einstein and Bohr. The experiment 
will be able to demonstrate that the way 
an ensemble is built up (by passing 
either (a) one electron at a time or (b) a 
single bunch of the same number of 
electrons through the apparatus) has 
different observable consequences under 
time-varying conditions—the fringe 
patterns will be different in the two 
cases. The time variation can be achieved 
by introducing an electronic shutter 
which can periodically open slit 1 or slit 
2 or both slits in a time short compared 
to the time between successive electrons 
in case (a) but long compared to the 
time of passage of the bunch through 
the apparatus in case (b). If the predic¬ 
ted distinction is actually observed, it 
will raise many interesting issues. First, 
it will show that the wave function of a 
single particle has a physical significance 
and cannot just be a ‘figure of speech’ or 
a purely mathematical construct. It 
would also raise a number of other 
sensitive issues like the significance of 
the Complementarity Principle in dynamic 
situations as well as the implications of 


‘partial’ collapse of the wave function. 

Another experiment that was discussed 
would involve passing one electron at a 
time through a small hole (of diameter 
d) in a perfect absorber. If the initial 
lateral spread L of the incident wave 
function is larger compared to the 
diameter of the hole (L>d\ there 
should be a ‘collapse’ in the lateral 
spread of the wave function to a smaller 
width d. This is because a passage 
through the hole is a measurement that 
reduces the uncertainty in the lateral 
spread of the electron’s position (its 
wave function being related . to the 
probability of finding it within this 
spread). If the incident wavelength 
A< <d, diffraction will be negligible and 
the shrinkage in the lateral width can be 
clearly detected on a screen. If such a 
shrinkage is actually observed with 
single electrons passing through the 
hole one at a time, it would again 
demonstrate the physical reality of the 
wave function (it cannot merely represent 
our subjective ‘knowledge’ of the electron’s 
whereabouts) and its ‘collapse’. Since 
the electrons that pass through the hole 
do not interact locally with the absorber 
material, the collapse can only be due to 
a non-local quantum effect brought 
about by the spread of their wave 
function to regions blocked by the 
absorber. 

Tonomura finds quantum mechanics 
so ‘mysterious’ that he would personally 
like to do these experiments in spite of 
pressures in an industrial laboratory to 
develop more products. 

Partha Ghose, Satyendra Nath Bose 
National Centre for Basic Sciences, 
Calcutta 700 064. 






Upstart pulsar a non-starter 


A year after they left astronomers baffled 
with what would have been a bizarre pulsar, 
and inspired a host of new equations and 
theories of pulsar formation and behav¬ 
iour, the purported pulsar-like optical 
signals from supernova SN 1987A have 
been found to be spurious. 

After SN 1987A burst on the astronomi¬ 


cal scene, excitement ran high in anticipa¬ 
tion of finding a newborn pulsar. Theory 
predicts that a supernova, which is the 
explosion that accompanies the collapse of 
a star too massive to support itself under its 
own gravitational force, must leave behind a 
rapidly spinning, highly condensed neutron 
star. At least some neutron stars are pulsars. 


The long wait of astronomers seemed to 
have ended when, in January 1989, John 
Middleditch and colleagues, working at the 
Cerro Tololo observatory in Chile, recorded 
optical signals that looked like the sighature 
of a pulsar. Only this one was spinning so 
fast, 1968.629 times a second, that it was a 
wonder it had not come apart. There was 
also a variation of the spin frequency that 
could only mean that the pulsar, if indeed 
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there was one, was part of a binary system 
whose other component was an object the 
size of Jupiter. This led to speculation if the 
pulsar had indeed broken up and produced 
this companion. After that single observa¬ 
tion in January 1989, no signals were 
detected again, which left many other as¬ 
tronomers in some doubt. 

To explain the properties of this pulsar, 
astrophysicists came up with new equations 
of state of neutron star matter and even new 
theories of pulsar formation and behaviour. 
But bizarre properties or not, supernova 
1987A had tantalized astronomers with the 
opportunity of observing a pulsar almost in 
the moment of its creation. 


Now those hopes have been belied, at 
least as far as the observations of Middle^ 
ditch et al. are concerned. In January this 
year, almost exactly a year after their first 
report, Middleditch et al., now making their 
observations at Las Campanas in Chile, 
again detected the signals, but this time they 
had the impossible frequency of 7874, 
almost exactly four times the originally 
detected frequency of 1968.629! 
Middleditch smelled a rat, and indeed 
the culprit was found — electrical interfer¬ 
ence from a TV camera used to record the 
images focused by the telescope. A similar 
camera had been used at Cerro Tololo when 
the observations of January 1989 were made. 


The UwS joLimal Middle- 

ditchas saying, T'm alittle bit let down and 
a little bit disgusted.’ It is, however, fortu¬ 
nate that the error was detected, and by the 
same observers. G. Srinivasan of the Raman 
Research Institute in Bangalore, who had 
earlier discussed the implications ol'thc pulsar 
inSN 1987A(see Cwrenf Sdvncc, 1989. 
58, 280), voiced a similar sentiment. ‘But 
this ‘"pulsar” certainly generated new ideas. 
It’s always useful to stand a theory ott its 
head. After all, that is the way of science.’ 
But what of SN 1987A? Srinivasan is hope¬ 
ful. ‘A pulsar is lurking there somewhere. It 
will be found eventually.’ 


RESEARCH NEWS 


Interfaces: structure and properties 


K. A. Padmanabhan 

D. McLean’s book Grain Boundaries 
in Metals published in 1957 (Clarendon) 
represented the coming of age of this 
topic as a subject of serious study. Yet 
in 1973, while commenting on Gleiter 
and Chalmers’ review of ‘High-angle 
grain boundaries’\ R. W. K. Honey- 
combe lamented about the ‘notorious 
gap’ between fundamentals and practice^. 
In his review, Honeycombe lists segre¬ 
gation, diffusion, migration and sliding 
at grain boundaries as partially under¬ 
stood problems. To this day these 
problems have not been solved. What 
then, has been the recent progress in 
this area? Has the gap between funda¬ 
mentals and practice reduced? Is the 
settled pattern of research in this area 
adequate or is there a need to adopt 
new strategies? These questions were 
uppermost in this author’s mind when 
he decided to attend a workshop*. 

The workshop was inaugurated by 
R. Krishnan, Chief Controller, R&D, 
Defence Research and Development 
Organization. The keynote lecture was 
delivered by F. E. Saalfeld, Director, 
Office of Naval Research, USA. In all 
there were twenty-four invited papers. 


*The Indo-US Workshop on Interfaces: 
Structure and Properties was held in Ban¬ 
galore, 30 November-2 December 1989. 


Over 140 delegates including 25 foreign 
scientists participated. On display were 
interesting posters dealing with diverse 
topics in metallurgy and materials 
science. The deliberations, some of 
which are discussed here, will appear 
shortly as a book. 

From the beginning one could discern 
two near-parallel streams of thought: 
One holding forth that understanding 
thoroughly the structure of an interface 
is the essential first step and another 
emphasizing understanding of the inter¬ 
face properties, if necessary by wilfully 
neglecting certain details (which may 
later be introduced as secondary 
effects). It was also evident that over the 
years the field has widened to cover 
both intercrystalline and interphase in¬ 
terfaces and ‘materials’ instead of 
‘metals’. 

V. Vitek described the atomic struc¬ 
ture of grain boundaries in ordered and 
disordered binary alloys using many- 
body empirical potentials to represent 
the interatomic forces. It then becomes 
possible to understand the differences in 
the intergranular strength and brittleness 
of alloys and metals. However, as the 
empirical potentials are generated in the 
first place using some specific macro- 
properties of the materials, the procedure 
can only be regarded as rationalization. 


Theoretical development of many-body 
potentials, which will eliminate the .semi- 
empirical nature of the modelling process, 
very much remains a desirable goal. 

S. Ranganathan ‘revisited’ the coinci¬ 
dence site lattice (CSL) model and went 
on to explore the relation between the 
CSL and qiiasi-latticcs. L. A. Bendersky 
gave a new definition of special orienta¬ 
tions (hypertwin) based on the reduction 
of the number of arithmetically indepen¬ 
dent lattice vectors. Both confined 
themselves to describing geometrical 
relationships obtainable at the grain 
boundary giving no clues as to the 
features that are important for under¬ 
standing the properties of interfaces. 

K. H. Westmacott and U. D%hmen 
acquainted participants with the interest¬ 
ing technique of combining high voltage 
electron microscopy with the hot stage 
and a video camera for directly observing 
boundary migration and the effect of 
twins on interface mobility. They also 
considered, among other matters, the 
significance of the role of microfacetmg 
and the effect of strain, which were 
interesting in that they provided infd’iTna- 
tion of relevance to ledge growth, for 
example. 

An unusual departure from the inter¬ 
atomic potentials and atomic configura¬ 
tional details was represented by the 
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non-discrete, density functional theory 
(S. Sengupta and T. V. Ramakrishnan) 
for describing the fcc~bcc interface, 
central to martensitic nucleation. 
Although some traditionalists were 
skeptical of this effort at ‘pushing 
physical metallurgy backwards’ the fact 
remained that an attempt was made to 
account for interface behaviour. If a 
‘continuum’ can be quantized to obtain 
useful results, why cannot one make the 
boundary structure non-discrete for 
reaching certain desirable goals? 

It is possible to determine the nature, 
distribution and concentration of stack¬ 
ing faults using diffraction analysis, as 
was demonstrated by D. Pandey. His 
warning that metallurgists should not 
get obsessed with a few odd details was 
well-meant and in order. 

S. Mahajan considered both homo- 
and hetero-interfaces in electronic mate¬ 
rials. By analysing domain contrast in 
ordered layers he brought home the fact 
that tubes of disordered material, caused 
by steps on the surface of the underlying 
substrate, could simultaneously exist. 
Interfaces in electronic materials is a 
nascent field. A lot remains to be under¬ 
stood. 

Faceting in two- and three-dimensional 
quasi-crystals (D. Levine) and the chara¬ 
cterization and energetics of dislocations 
and grain boundaries in quasi-crystals 
(Sriram Ramaswamy) were adequately 
discussed. Is Pauling’s cat finally dead? 

Bi-crystals of high melting point bcc 
metals grown using a floating zone 
technique (Y. T. Chou and A. Das 
Gupta) could be used to show that the 
(electrical) flux pinning force depends on 
the orientation of the tilt axis but is 
insensitive to grain boundary misorienta- 
tion. Evidently, these results are of 
relevance to type II superconductors. 

H. I. Aaronson pointed out that the 
phenomenological theory of martensitic 
transformation (based on shear) is able 
to predict the interfaces and the direction 
in such interfaces along which ledge 
formation (and possibly also ledge 
growth) occurs least readily and which 
are therefore retained preferentially 
during growth. Such interfaces then 
become the broad faces of Widmanstatten 
plates and the sides of Widmanstatten 
needles. It is only because of this that 
the phenomenological theory is useful in 
understanding many important aspects 
of diffusional phase transformations. 
Perspectives of this type are interesting 


because, in the absence of a comparison 
between the macro and micro levels of 
analysis, the above conclusion could not 
have been reached. 

The effect of interfaces in microstruc- 
tural development in Zr-Nb alloys 
during Widmanstatten precipitation, 
tempering of martensite and static and 
dynamic recrystallization was discussed 
by S. Banerjee. Grain nucleation during 
recrystallization and isothermal grain 
growth was considered by C. S. Pande 
and B. B. Rath as a stochastic process 
for predicting grain growth and grain 
size distribution with and without parti¬ 
cles. S. Mishra, on the other hand, 
traced the Goss texture in iron-silicon 
alloys to surface shear in hot rolling. He 
pointed out that the removal of the 
Goss texture could inhibit grain growth. 
These were neat studies that employed 
established procedures. 

One learnt (from C. A. Handworker) 
of a metal reference line technique and 
of the determination of the crystallogra¬ 
phic orientations and grain misorienta- 
tions in polycrystals from electron back 
scattering patterns generated in a scann¬ 
ing electron microscope for characterizing 
the energies and the misorientations of 
grain boundaries present in fine grained 
materials useful experimental procedures. 

D. A. Smith noted that a dislocation 
model of interfaces may account for 
misfit accommodation and energy and 
can also address qualitatively the mecha¬ 
nisms of point defect emission and 
boundary sliding. But the model fails to 
account quantitatively for grain boundary 
mobility and more importantly the 
general physical relevance of the model 
itself is uncertain. His was the dilemma 
of an honest intellectual—what if one 
had been looking at the ‘wrong’ features 
of the interfaces? 

The role of heat treatment and alloy 
chemistry and the use of grain boundary 
segregation isotherms and interaction 
maps in the control of boundary 
segregation with a view to improving 
the toughness were described by R. D. K. 
Misra — a study that has immediate 
practical use. 

According to D. Banerjee the inter- 
phase interfaces, in conjunction with the 
specific nature of slip, play a critical role 
in determining the location and density 
of failure initiation sites and their 
subsequent linkages in tension and 
creep of Ti and Ti 3 Al base alloys. His 
very apt comment about the ‘black box’ 


that exists between the structure of the 
interfaces and their properties was 
contested by H. I. Aaronson, but 
realizing the limitations of one’s know¬ 
ledge is important. 

P. M. Hazzledine treated two-dimen¬ 
sional Zener pinning by analogy with 
the Friedel or Labusch models of 
solution hardening. (However, for the 
three-dimensional case the results of 
computer simulation disagreed with the 
predictions of the Friedel-Zener theory.) 
Zener pinning is of major consequence 
in Hall-Petch effect and superplasticity 
and is the main factor causing grain 
coarsening resistance in the commercially 
successful (superplastic) ‘Supral’ alloys. 

Advocating the decisive use of ‘Occam’s 
razor’ in problems of analysis (towards 
which end the sanction of Bertrand 
Russell and Stephen Hawking was 
invoked), K. A. Padmanabhan stressed 
that for successful theoretical develop¬ 
ment the essentials have to be separated 
from a host of extraneous details. 
Judgment no doubt plays a part, but 
without this exercise a physical model 
may lose its significance through the 
introduction of many empirical 
constants/parameters. He argued that 
unequivocal evidence during optimal 
superplastic flow existed only for the 
occurrence of grain/interphase bound¬ 
ary sliding-diffusion coupled flow and 
grain rotation. The implications of this 
conclusion for theory were also 
discussed. 

T. G. Langdon discussed the role of 
boundary migration and sliding in high 
temperature, low cycle fatigue. He 
showed that boundaries of the coinci¬ 
dence type do not migrate and that 
while in a pure metal cavities form only 
after a large number of cycles, in a solid 
solution alloy microcavities nucleate in 
the very early stages of a test. No 
attempt was made by him to fit the 
results into a theoretical framework. 

B. Cantor proposed an ‘interfacial 
adsorption model’ of the solid-liquid 
interface that is useful in predicting 
liquid undercooling before the onset of 
heterogeneous nucleation. This effort is 
commendable because of its applicability 
to solidification processing, although it 
was stated by a few that the description 
of the interface was somewhat sketchy. 

K. T. Jacob explained that enhanced 
carrier concentration is present in the 
diffuse space charge layer surrounding 
the dispersoids, which leads to stable 


300 


CURRENT SCIENCE, VOL. 59, NO. 6, 25 MARCH 1990 


RESEARCH NEWS 


f * 


microstructures of high conductivity in 
dispersed, crystalline solid electrolytes. 
Reasons were given for the discrepancy 
between the theoretical predictions and 
the experimental results concerning the 
defect concentration profiles. 

This workshop was organized by the 
Department of Metallurgy, Indian Insti¬ 
tute of Science, Bangalore and was 
supported by the Materials Research 
Society of India and the Indian Institute 


of Metals (Metal Sciences Division and 
Bangalore Chapter). The Department of 
Science and Technology, Government 
of India and the Office of Naval 
Research and the American Institute of 
Biological Studies, USA, sponsored the 
workshop. By considering both the 
fundamentals and applications, the work¬ 
shop brought out clearly the distinction 
between ‘metallurgy and materials 
science’ and ‘solid state physics and 


chemistry’. 


1. Gleiter and Chalmers, in Progress in 
Materials Science, Pergamon, 1972, vol. 
16. 

2. Honeycombe, R. W. K., Metals and 
Materials, 1973, 7, 298. 


K. A. Padmanabhan is in the Department 
of Metallurgical Engineering, Indian In¬ 
stitute of Technology, Madras 600 036. 


Plant breeding and molecular biology: whither shall the twain 


meet? 

J. Gowrishankar 

i 

It is for the better part of a century now 
that the plant breeder has exploited the 
principles of Mendelian genetics in 
developing and evaluating new plant 
varieties for agricultural use. There is no 
quarrel over the fact that his efforts over 
the years have been enormously success¬ 
ful, nor over the one that he will 
continue to play the major role in all 
attempts at crop improvement for some 
time to come. (I have deliberately used 
the male personification here, for the 
gender distribution amongst this class of 
people is more biased than is the case in 
most other sciences.) Recent advances in 
plant molecular biology, particularly 
with regard to the identification, map- 
* ping and transfer of genes and traits 

from heterologous organisms into plants, 
nevertheless offer new approaches that 
merit the breeder’s consideration. A 
symposium* was organized with the very 
intention of bringing the two communi¬ 
ties of workers (the breeders and the 
molecular biologists) together, and the 
focus was upon the potential for 
molecular genetic approaches in the 
task of breeding for tolerance to abiotic 
and biotic stresses in crop plants. 

Looking back upon the deliberations 
^ of the symposium, one could clearly 
discern the new gene technology in all 
its glamour: Agrobacterium-mediated 


♦International symposium on Molecular and 
Genetic Approaches to Plant Stress, orga¬ 
nized by the International Centre for Genetic 
Engineering and Biotechnology (ICGEB), 
New Delhi, 14^17 February 1990. 


transfer of a variety of genes into 
tobacco (a method matter-of-factly allu¬ 
ded to by so many speakers that I had 
constantly to remind myself that it did 
not exist eight years ago); successful 
gene transfer into rice protoplasts and 
regeneration of fertile plants therefrom 
(independently achieved and described 
by several groups); development and use 
of probes for restriction-fragment length 
polymorphisms (RFLPs); and other in 
vitro methods (with associated jargon!) 
routinely used by this tribe, such as 
pulsed-field-gel electrophoresis, linker 
scanning analysis, run-on transcription 
assays, subtraction hybridization, homo¬ 
logy searches, gel-retardation experi¬ 
ments, particle-gun bombardment, and 
the like. Also in evidence were reports 
on the successful application of this 
technology in answering some questions 
of basic interest—on, for example, the 
biology of rice tungrovirus, or coat 
protein-mediated resistance to virus 
infection, or the regulation of gene 
expression during plant development or 
under varying environmental conditions 
such as anaerobiosis, salinity stress, or 
pathogen attack. 

But there was little in the symposium 
to excite the bread-and-butter interests 
of the plant breeders in attendance. In 
part, this is because many of the fruits 
of the new technology are not immedia¬ 
tely at hand, but rather remain largely 
as promises to be fulfilled in the coming 
years; to a greater degree, however, it 
reflects the lack of depth as exists at 
present in the molecular biologist’s 


approach: although it is conceptually 
feasible (now or in the near future) to 
incorporate a gene of interest from any 
living creature into transgenic plants, 
the number of such candidate genes or 
strategies that have so far been identified 
from the standpoint of utility remains 
extremely limited (as typified by the fact 
that, of six independent presentations 
on the topic of genetic engineering for 
resistance to insect pests, as many as 
four dealt with the use of a protease 
inhibitor gene, and the remaining two 
with that of the insecticidal protein gene 
of Bacillus thuringiensis). Where impor¬ 
tant traits are controlled by multiple 
genes—a phenomenon which is more 
the rule than the exception in plant 
genetics—the application of the mole¬ 
cular biological approach for making 
transgenic plants becomes progressively 
more difficult. 

The experienced breeder is also justi¬ 
fiably sceptical of the approach of ‘single 
gene-engineering’ of traits such as pest 
resistance or herbicide tolerance in new 
crop varieties, because the forces of 
natural selection operating in the field 
conspire to limit the timespan over 
which such traits retain their utility. 
This point, or even the ecological 
factors to be considered before the 
release of transgenic plants for use by 
the farmer, was only fleetingly touched 
upon in the final round-table discussions. 
On the other hand, the complexities 
inherent in the genetics of and breeding 
for resistance to diseases and insects, 
and for tolerance to water-, salinity- or 
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temperature-stress in cereal crops in¬ 
cluding rice, wheat, corn and sorghum, 
were outlined in several illuminating 
talks in the meeting. 

Perhaps the one technique to emerge 
out of the molecular biologist’s work 
which is immediately relevant to and 
applicable by the breeder is that of gene 
mapping with the aid of RFLP markers. 
This strategy bids fair to relieve the 
latter of much of the tedium and 
empiricism in his work, and the potential 


and power of this method, as well as 
some examples in which it had been 
gainfully employed, were adequately 
emphasized in the symposium. 

The symposium had been organized 
in the expectation that ‘the synergism of 
the whole plant genetic approach and 
the molecular approach to plant stress 
will be enormous’, and with the call that 
‘the success of the meeting will be 
judged by the number of collaborative 
research programmes which emerge 


from it’. In fairness though, these 
objectives were perhaps a trifle ambi¬ 
tious—for, in the final analysis, it was 
clear that the molecular biologist has 
still some way to go before laying claim 
to becoming a credible partner in any 
such collaborative venture. 


J. Gowrishankar is in Centre for Cellular 
and Molecular Biology, Hyderabad 
500 007. 
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Jawaharlal Nehru and agriculture in 
■ independent India 

M. 5. Swaminathan 


The great Bengal Famine of 1943 which resulted in 
atleast three million deaths provided the backdrop to 
Indian independence on the food front. No wonder, 
Jawaharlal Nehru said, ‘everything else can wait but 
not agriculture’, soon after he became the first Prime 
Minister of free India. Nehru was well known for his 
conviction that 'rapid industrialization is essentia! to 
relieve the pressure on land to combat poverty and 
raise standards of living, for defence and a variety of 
other purposes’ (Discovery of India, page 412). Hence, 
he is more often identified with industrial development 
than with agricultural advance and agrarian prosperity. 
It may therefore be relevant to recall what he said in 
both Houses of Parliament in 1952. ‘We certainly 
attach importance to industry; but in the present 
context we attach far greater importance to agriculture 
and food and matters pertaining to agriculture. If our 
agricultural foundation is not strong then the industry 
we seek to build will not have a strong basis either. 
Apart from that, if our food front cracks up, everything 
else will crack up too. If our agriculture becomes 
strongly entrenched as we hope it will, then it will be 
relatively easy for us to progress more rapidly on the 
industrial front, whereas if we concentrate only on 
industrial development and leave agriculture in a weak 
condition, we shall ultimately be weakening industry'. 
Thus, Nehru saw the symbiotic linkages between 
agriculture and industry. 

Nehru’s policies towards agricultural development 
could be grouped under four major categories. These 
are: first, attention to the tiller of the soil; secondly, 
protecting the ecological foundations of development; 
thirdly, development of rural infrastructure and the 
production and distribution of the inputs needed for 
higher productivity; and finally harnessing science and 
technology for accelerating the pace of agricultural 
progress. I shall deal with these four sets of factors 
briefly and then refer to the challenges ahead. 

Agrarian reform 

Dr Tarlok Singh in a recent lecture on ‘Jawaharlal 


M. S. Swaminathan is honorary director, Centre for Research on 
Sustainable Agricultural and Rural Development, 11 Rathna Nagar. 
Madras 600 018. This article is the text of the Jawaharlal Memorial 
Lecture delivered by the author on II November 1989 and is 
reprinted here with permission from the Nehru Memorial Museum 
and Library, New Delhi. 


Nehru and Agrarian Reform’ (ICAR, November 1989) 
has summarized the different steps taken during 
Nehru’s tenure as Prime Minister to ensure that those 
who till the land are also owners of (he land. The 
Congress Agrarian Reforms Committee chaired by Dr 
J. C. Kumarappa had developed the concepts of 
‘economic holding’, ‘basic holding’ (minimum land 
necessary for a reasonable living) and ‘optimum 
holding’ (three times the economic holding). The land 
policy of the First Five Year Plan had its roots in the 
Kumarappa Committee report. 

Nehru saw the difficulties inherent in the adoption of 
scientific agriculture under conditions of small holdings 
and hence advocated cooperative farming by farmers 
living in a village. This aim was stated in the Second 
Plan in the following words: 

To take such essential steps as will provide sound 
foundations for the development of cooperative 
farming, so that over a period of 10 years or so, a 
substantial proportion of agricultural lands arc 
cultivated on cooperative lines. 

Cooperative farming did not however catch the 
imagination of farmers. By and large, enforced 
cooperation has not worked in other countries as well. 
Tanzania is a good example. China and Vietnam, where 
land is socially owned, had experimented with different 
forms of cooperative and collective farming. Based on 
their experience with running farming as a bureaucratic 
enterprise, they have now shifted to a household 
responsibility system that provides attractive incentives 
for achieving higher productivity within the framework 
of social ownership of land. Commodity-oriented 
cooperative societies like Dairy Cooperatives have been 
successful in India. 

The number of operational holdings in our country 
was 89 million in 1980 81 and this may exceed 100 
million by 1990 91. A majority of the holdings belong 
to the sub-marginal, marginal and small farmer 
categories. In fact, nearly 25% of the world's farmers 
are Indians. It is in this context that Nehru’s concept of 
cooperative farming needs reappraisal. Agricultural 
practices are becoming increasingly knowledge-intensive. 
The ecological sustainability of advances in biological 
productivity is also becoming a must for safeguarding 
the future of agriculture. The adoption of ecologically 
sound agricultural practices like scientific water manage¬ 
ment, integrated pest management and integrated 
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nutrient supply as well as of land-saving agricultural 
practices, grain-saving animal husbandry and marine 
and freshwater aquaculture will be possible under small 
farm conditions only if farming families living in a 
village or a watershed or the command area of an 
irrigation project cooperate in a meaningful manner. 
Equity in water sharing is essential for stimulating 
cooperation in water saving. Hence, equitable sharing 
of benefits will be necessary for promoting cooperative 
action among a group of farmers. In the coming decade, 
serious attention will have to be given to providing 
incentives such as group extension, group subsidies and 
group insurance for stimulating the needed extent of 
group action in key areas having a bearing on the 
efficiency of small farm agriculture. Innovative group 
enterprises such as aquaculture estates, poultry estates 
and horticulture estates will help to combine in an 
effective manner decentralized production with key 
centralized services. 

Protecting the ecological foundations of development 

A variety of causes associated with modern development 
patterns, life styles and population pressures, are 
leading to the biological impoverishment of our planet. 
The Botanical Survey of India estimates that about 
1500 out of an estimated 50,000 species of plants 
occurring in our country are under threat of extinction. 
A recent edition of the Red Data Book of India lists 230 
rare and vulnerable species. Many of our Sanctuaries 
and National Parks are rich in biological diversity. The 
World Heritage Site at Manas in Assam, for example, 
has a unique herd of the wild buffalo, Buhalus hubalis, 
which is the progenitor of the domestic water buffalo, 
which along with the cow is the backbone of our diary 
industry. The Bengal florican, a bird of the bustard 
family, has one of its last sanctuaries in Manas. An 
expert group set up by the National Academy of 
Sciences of India has identified a cluster of unique 
natural and cultural heritage sites along the river 
Ganga which Nehru called ‘the river of India’, for 
inscription in the World Heritage list. Unfortunately 
the Manas sanctuary was partially damaged during a 
recent political agitation. What is therefore important is 
for people to feel that such heritage sites are theirs and 
that their livelihood security depends on them. This is 
why the World-wide Fund for Nature-India has 
launched a Community Biodiversity Conservation 
Movement in memory of Jawaharlal Nehru. 

Since 1900 the world’s population has multiplied 
more than three-fold. The global economy has 
expanded 20-fold. The consumption of fossil fuels has 
grown by a factor of 30 and industrial production has 
increased by a factor of 50, much of it after 1950. The 
pace of future growth could be even more stunning, 
with an expected doubling of world population within 
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50 years. If population does double again, a further 
five- to ten-fold increase in economic activity would be 
required to enable the population to meet its basic 
needs. Unfortunately, today’s pattern of development is 
not equitable, with 20-25% of the world’s population 
living in industrialized countries consuming 80% of the 
world’s goods. Countries with pervasive poverty are 
also those where population is increasing at higher 
rates and thus they have no option except to intensify 
economic activity. But the question is what kind of 
economic growth and what kind of life styles will be 
sustainable over time? We have to work hard to 
prevent the continuation of undesirable changes in the 
earth’s atmosphere, biosphere and hydrosphere. In this 
context the conservation of our rich genetic estate is 
particularly important both from the ecological and 
economic standpoints. In purely economic terms, the 
new opportunities opened up genetic engineering for 
achieving novel combinations of valuable genes and 
have greatly enhanced the value of our genetic estate. 
One of the first projects proposed to be initiated under 
the Jawaharlal Nehru Community Biodiversity Conser¬ 
vation Movement is the establishment of ‘genetic 
gardens’ of the 1500 species threatened with extinction. 

Development of rural infrastructure 

Nehru realized that without the necessary pre-requisites, 
in terms of rural roads, energy supply and marketing 
infrastructure, agricultural progress cannot be achieved. 
This is why considerable emphasis was placed on 
community development programmes from the First 
Plan period. Also, steps were taken to produce the 
necessary inputs like mineral fertilizers and to increase 
the area under assured irrigation. Rural electrification 
received priority. By the mid-sixties, Punjab had the 
following pre-requisites essential for technology to 
strike roots and make an impact on production, 
a) Owner cultivation, b) Land consolidation, c) Rural 
communication, d) Rural electrification, and e) An 
effective Agricultural University and extension system. 

Thus, when high-yielding varieties of wheat and rice 
became available in 1965-66, progress in the adoption 
of new technologies was spectacular in Punjab. In 
contrast, similar progress has not been visible in states 
which lack these pre-requisites, although new technolo¬ 
gies are available. 

Science and technology and our agricultural future 

Four major groups of factors—ecological, technological, 
economic and social attitudes and life styles—will 
greatly influence agriculture in the 21st century. These 
factors will affect industrialized and developing countries 
differently, because of the dissimilarities in the demo- 
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graphic, socio-economic and technological conditions 
prevailing in them. The likely scenario in agriculture 
and food industry in the 21st century in the developing 
world is described below. 

Ecological factors 

The principal factors which will affect adversely the 
prospects for sustained advances in biological producti¬ 
vity are: 

a) Diminution of the biological potential of the soil 

b) Unsustainable use of water 

c) Biol gical impoverishment arising from the destruc¬ 
tion of habitats rich in biological diversity 

d) Various biotic and abiotic stresses caused by 
intensive agriculture and unscientific crop rotations 

e) Changes in temperature, precipitation, ultra-violet 
radiation and sea levels arising from the accumulation 
of ‘green house gases’ in the atmosphere and the 
depletion of the ozone layer. 

Technological factors 

The following areas will need added attention during 
the next decade and beyond. 

a) Achieving a proper match between production and 
post-harvest technologies 

b) The impact of new technological innovations in 
processing, packaging and marketing on plant and 
animal breeding and on production technologies 

c) Adapting production techniques and farming systems 
to meet new situations in consumer preferences, food 
safety regulations and industrial processing techniques 

d) Assuring the safety of foods produced by genetic 
modification 

e) Ability to integrate effectively traditional technologies 
with frontier technologies such as biotechnology, 
information technology and space technology 

f) Development and adoption of land-saving agri¬ 
cultural technologies and grain-saving animal produc¬ 
tion methods 

g) Promotion of environmentally friendly or green 
technologies in areas such as energy supply and pest 
management 

h) Anticipatory research to adapt to altered growing 
conditions caused by changes in climate and sea levels 

i) Stress on the efficiency of farm management and 
marketing 

j) Research on enhancing group cooperation and 
action. 

Economic factors 

The factors which will determine the economic viability 
of small farm agriculture are: 

a) Promoting technologies which can help to substitute 
knowledge for land and capital 
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b) Impact of the cost-risk-return structure of farm 
operations on families with small holdings 

c) Increasing family income through greater opportu¬ 
nities for off-farm employment 

d) Stability of prices in home and international trade 

e) Input and output pricing policies of governments 

f) | International trade environment 

g) Terms of trade between the primary and secondary 
sectors of economic activity 

h) Policies that facilitate higher levels of consumption 
by the economically handicapped sections of the 
community and greater production by resource-poor 
farmers and fishermen. 

Social and life style factors 

The following will need particular attention: 

a) Intra- and inter-generational equity considerations 

b) Stress on health foods and total freedom from 
hazardous residues and carcinogenic substances 

c) Pre-cooked and processed foods in some cases and 
fresh foods, in others 

d) Flexibility in place, duration and time of work, 
particularly for women 

e) Emphasis on natural products, such as cotton 
textiles, natural vitamins, drugs derived from medicinal 
plants, etc. 

f) Reduction in the consumption of meat, fats and oils. 

The above are, in my view, a few of the major 
ecological, technological, economic and social factors 
which will influence the state of agriculture and food 
industry in the next century in developing countries. 
How can we prepare ourselves to meet these challenges? 
Let me deal with this taking a few illustrative examples: 

Ecology. Ecological sustainability will become the 
major test of all technological innovations. For 
achieving ecological sustainability, the packages of 
technology, services and public policies introduced in 
the farm sector must be mutually compatible and 
reinforcing. 

Highest priority will have to go to the protection of 
the environmental capital stocks on which sustained 
agricultural advance will depend. The biological wealth 
of every nation must be conserved, since gene erosion 
will erode the potential for deriving economic and 
ecological benefit from genetic engineering. 

In the tropics and sub-tropics, the problems of weeds, 
pests and pathogens become serious, particularly in 
rainy seasons. In addition to integrated pest manage¬ 
ment practices, there should be emphasis on scientific 
crop rotations, involving crops that are not affected by 
the same pests and pathogens. Particular attention will 
have to be paid to energy use efficiency and to the 
promotion of ecologically desirable energy mix. Post¬ 
harvest operations should help to avoid infection with 
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organisms which produce mycotoxins and promote the 
wholesomeness of the food material. Solar drying and 
refrigeration technologies will have to be perfected. 

Biotechnology offers attractive opportunities for 
reducing the cost of production without reducing yield. 
Also, they can help rural communities to prepare value- 
added products from every part of the plant or animal 
biomass. Since biomass is the most important feedstock 
available in rural areas for small industries, it will be 
advisable to set up Biomass refineries in suitable clusters 
of villages. 

The capacity to assess the wholesomeness and safety 
of foods produced by genetic modification will have to 
be developed. 

Adaptation to climate change and sea level rise 
should receive as much attention as steps to prevent the 
occurrence of such changes. Poor nations will suffer 
most from such changes. 

Gene banks for adaptation to climate change will have 
to be established in order to enable Genetic Enhance¬ 
ment Centres to transfer suitable genes (such as those 
conferring tolerance to drought, floods and seawater 
intrusion) to appropriate material. 

Technology. A proactive analysis of the ecological, 
economic and social impact of new technologies will 
have to be undertaken even at the time of designing 
projects for the development of new technologies. Cost, 
energy, water and land-saving technologies are parti¬ 
cularly important in our country. 

Using computer simulation models, alternative crop¬ 
ping strategies will have to be developed to suit 
different weather probabilities. 

Water resources conservation and sustainable utiliza¬ 
tion will need special emphasis. Water technologists will 
have to develop methods by which maximum benefit 
can be derived from the five sources of water—rivers, 
rain water, underground aquifer, seawater, and sewage 
water and effluents from industries. 

Measurement tools that can help to monitor 
sustainability will have to be developed and used 
widely. Water use efficiency should be measured in 
terms of yield per cubic meter of water. Crop 
productivity can be measured using the following 
formula: 

^ j . . Output value Impact on environmental 

Productivity - -+ 

Input value capital stocks 

Economics. Diversification of sources of employment 
and income will be necessary to enable families with 
very small holdings to have adequate household 
income. The input and output pricing policies should 
be tailored to achieve the twin goals of efficiency and 
technology adopted by all farmers irrespective of the 
size of their holdings and their innate ability for the 
purchase of inputs and for taking risks. In order to 
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assist small farmers to adopt ecologically sound 
practices such as integrated pest management and 
scientific water use, it will be necessary to promote 
group endeavour on the part of communities living in a 
water shed or command area of an irrigation project. 
Group insurance schemes should be introduced. Social 
engineering is as important as technology development. 

Land use guidance on the basis of an advanced 
analysis of market trends will be important. Opportuni¬ 
ties for assured and remunerative marketing serve as 
the most powerful incentive for farmers to adopt new 
technologies. Land use will have to be based on both 
ecological and economic criteria. Land Use Advisory 
Boards should therefore have both ecolc^^ical and 
marketing expertise. Computer-aided extension services 
along with computer-aided instruction would be very 
helpful in spreading useful messages in a professionally 
credible manner. 


Social factors 

A great challenge before developing nations during the 
21st century will be the integration of the principles of 
equity with those of ecology, economics and efficiency. 
Social conditions will greatly determine life styles, food 
habits and consumption patterns. In order to achieve 
harmony between growth and equity, social scientists 
will have to play a proactive role in the development of 
packages of technologies, services and public policies. 
So far they have been performing mostly a reactive role. 

An issue which is likely to assume increasing 
importance in the coming decade is the impact of 
intellectual property rights on efforts designed to bridge 
the growing gap in technological capability between 
industrialized and developing countries. Since food 
occupies the first position in the hierarchial needs of 
human beings, it is hoped that mechanisms will be 
developed for the speedy and cost-free sharing of 
technologies which can facilitate the development of 
sustainable food and nutrition security systems in 
developing countries. Nutrition security, which I have 
defined as ‘physical and economic access to balanced 
diets and safe drinking water to all children, women 
and men at all times’ is particularly important for 
ensuring that all children irrespective of where they are 
born, have an opportunity for the full expression of 
their'innate genetic potential for physical and mental 
development. 

At the socio-political level, an international agreement 
on sharing plant and animal genetic resources will be 
important, in view of the growing concerns in 
developing countries about the likely adverse impact of 
gene patenting procedures on the economic benefits 
they can derive from their biological wealth. This is an 
issue which is currently under discussion in inter¬ 
governmental fora such as FAO and UNEP. 
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New frontiers 

Emerging technologies in food and agriculture will 
open up unusual possibilities for ushering in sustainable 
nutrition security for all in the next century. However, 
to take advantage of the emerging technologies in an 
ecologically safe manner, it will be essential to adopt a 
sustainable agriculture matrix approach. Such a matrix 
analysis can help to ensure that the packages of 
technology, services and public policies introduced for 
wide-spread adoption, strengthen the national goals in 
ecology, economics and equity. This is the best tribute 
we can pay to Jawaharlal Nehru who initiated the 


process of modernization and growth with social justice 
in every sector of our economy forty-two years ago. 
Nehru constantly reminded us that ‘we have to run 
twice as fast to stay where we are’. This is particularly 
true in the case of food production. During the last 25 
years we increased food production on an average by 
about 3.5 million tonnes per year. During the next 
decade we have to increase food output by about 7 
million tonnes every year, in order to meet the rising 
demand caused both by population increase and 
improved purchasing power. Since 25% of the world’s 
farmers are in India, what we do or do not do will also 
influence global agriculture. 


1 
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Biochemistry and molecular biology of 
competence of plant cell differentiation and 
regeneration in vitro —a review 

Urmil Sethi and Sipra Guha-Mukherjee 

Plant Research Laboratory, School of Life Sciences, Jawaharlal Nehru University, New Delhi 110 067, India 


In spite of accumulation of voluminous literature on 
induction of cell division and differentiation in tissue 
culture, little information is available about the biochemical 
and molecular events that control it. In Brassies 
oleracea^ exogenous supply of hormones, polyamines and 
certain amino acids lead to vigorous proliferation, 
whereas addition of inhibitors to inhibit polyamine or 
ethylene biosynthesis, transcription and translation, or 
abscisic acid, results in differentiation. Red/far-red light 
also induces proliferation or differentiation. There are 
. also evidences to suggest that the phosphoinositide 
intracellular signalling system to generate second 
messengers, well established in the animal kingdom, also 
exists in plants. Some constituents of this cycle have been 
identified. It appears that through control of the cell 
cycle by arresting cells at Gi or G2 phases, it is possible 
to ensure differentiation in plant tissue culture. 


In the last decade, major research efforts on the genetic 
engineering of plants and transformation methodologies 
have enabled the introduction of foreign genes into 
living cells. Most of the current strategies for the 
application of biotechnology to crop improvement 
envisage the regeneration of whole plants from single, 
genetically altered cells. Tissue and cell recalcitrance 
has been one of the major problems in obtaining 
regeneration or differentiation from transformed cells of 
various crop plants. 

Differentiation, i.e. the development of single cells 
into complex multicellular organs and tissues, results 
through selective gene expression. Knowledge on the 
control of differentiation has hardly grown since the 
demonstration of differentiation of root and shoot in 
tissue culture by relative concentrations of auxin and 
cytokinin in tobacco^ and control of somatic embryo- 
genesis by maintaining the hormone levels^. However, 
in several systems, these hormones cause neoplastic 
growth by supporting rapid cell division, which fail to 
differentiate^. 

The elucidation of the biochemical and molecular 
changes which accompany differentiation, therefore, will 
be helpful in identifying the underlying mechanisms 
involved. In spite of voluminous literature on the 
factors controlling cell division and differentiation in 
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tissue culture"^, very little is known regarding the 
biochemical and molecular events that control it. 


The cell cycle—control point for cell differentiation 

The key to understand cell differentiation is to know 
the regulatory mechanisms, which drive the cell cycle. 
Cell division and differentiation are controlled by 
several factors operating in and G 2 phases of the 
cell cycle^’^. Cells in the process of division move 
continuously from G 1 -S-G 2 phases of the cell cycle and 
culminate in mitosis. Work with various animal and 
plant systems has shown that both entry into prolonged 
Gi (Go) phase and reinitiation are controlled by specific 
hormonal and nutrient factors'^’®. However, if cells are 
arrested in Gj or G 2 phase, they cease dividing and 
start differentiating. To ensure differentiation, the cell 
cycle is slowed down or partially arrested at G^ or G 2 
phase, when factors that operated during Gi and G 2 
become limiting^. Studies of transition from vegetative 
to floral meristem suggested the accumulation of cells in 
G 2 phase of the cell cycle^^. Critical events for the 
induction of tracheary element differentiation in Zinnia 
elegans parenchyma, occurred in the early Gj phase^^ 

The changes in the pattern of secondary metabolites 
with respect to lag phase, cell division phase and 
stationary phase during the growth cycle show the 
accumulation of more secondary products in stationary 
phase resulting in differentiation. The dramatic change 
in metabolism during the stationary phase appears to 
be associated, in part at least, with the onset of structural 
organization. Results using metabolic inhibitors have 
supported the view that there is an inverse relationship 
between protein synthesis and the synthesis of certain 
secondary products. The restriction of growth by 
limiting the levels of essential nutrients also has similar 
effects (see Vasil) 

In our investigations, organized growth in Brassica 
cultures could be initiated by various classes of 
inhibitors, e.g. actinomycin-D (act-D), cordycepin and 
abscisic acid (ABA)^^ (Figure 1). Supplementation of 
trigonelline, AT-methylnicotinic acid, which causes 
cellular arrest in Gi or G 2 (ref. 14, 15) and theophylline, 
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Figure 1. Histograms showing glyoxalase-I activity. Open circles 
show shoot differentiation in Brassica oleracea on the inhibitor- 
containing media. 


an inhibitor of cyclic nucleotide phosphodiesterase, 
which is reported to induce a block of the cell cycle in 
G, and a temporary arrest in in roots of Haplo- 
pappus^^\ also induced differentiation in Brassica 
cultures*This work, when further extended to the 
model systems. Datura and Nicotiamu gave similar 
results*The application of inhibitors slows down cell 
division thus changing the commitment of cells from 
division to differentiation. There arc also a few reports 
on the effects of some inhibitors like act-D in cereal 
regeneration*’^ and ABA in Pcnuisetuin^^. A set of 
proteins has been identified which accumulate gradually 
during normal embryogenesis of Zca mays and these 
polypeptides could be induced prematurely by ABA*‘\ 

Involvement of polyamines, ethylene in proliferation/ 
differentiation 

The polyamines, spermidine, spermine and their 
diamine precursor putrescine have been implicated in 
an overwhelming array of plant growth and develop¬ 
mental processes“^*'^*. Our studies revealed the role of 
hormones and polyamines in cell division and differen¬ 
tiation in Brassica cultures, which differentiated without 
any hormone. In the presence of hormones, only cell 
proliferation was achieved, which could be further 
enhanced by the addition of polyamines such as 
spermidine and spermine. Most biochemical and physio¬ 
logical studies of polyamines in plants and animals 
have depended on the availability of inhibitors. Methyl- 
glyoxal feiS“(guanylhydrazone) (MGBG), an inhibitor of 
spermidine biosynthesis, had retarding effect on proli¬ 
feration but was able to induce differentiation in 
Brassica^^. Recent reports have shown that polyamine 
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inhibitors difluoromethylornithine (DFMO) and difluoro- 
methylarginine (DFMA) reduced polyamine content 
but did not affect embryogenesis in Nicotiana^^ and 
Medicago^"^. Similarly, DFMO promoted growth and 
organization with concomitant increase in bound 
putrescine and spermidine (ref. 25). 

Since polyamine and ethylene biosynthesis share the 
propylamine group of S-adenosylmethionine (SAM)^^ 
suggesting that there may be regulatory interconnection 
between them, studies were also performed to determine 
the levels of ethylene with relation to proliferation and 
differentiation. Brassica cultures in which proliferation 
could be induced by polyamines, L-methionine, l- 
threonine, SAM and 1-aminocyclopropane-l-carboxylic 
acid (ACC) showed a concomitant increase in ethylene 
level compared to differentiating cultures raised on 
MGBG. Ethylene antagonists, aminoethoxyvinylglycine 
(AVG), silver nitrate and cobalt chloride, induced 
higher percentage shoot differentiation with declined 
ethylene level compared to the hormone controP^. 
These studies corroborate earlier findings that ethylene 
inhibitors can stimulate the regenerating capacity of the 
cultures^*^""^^. 

Signal transduction pathway for differentiation 

As mentioned earlier, differentiation requires a harmo¬ 
nized activity of several genes and subsets of genes, 
which would require involvement of enzymes, membra¬ 
nes and finally the genome. Transition of cells from 
stationary phase to division and differentiation are 
accompanied by various biochemical changes inducing 
activation/inactivation of some crucial enzyjnes. 

An interesting observation was made during investi¬ 
gations on the role of amino acid uptake modulating 
growth and differentiation, that the uptake of only one 
of the amino acids, L-lcucinc, was found to be 
phytochromc-mediated which was however, 
dependent but calmodulin-independent'^*. These results 
led to the further work on the direct role of L-leucine 
and L-isoleucine on differentiation, if any. It was found 
that these amino acids inhibited the activity of 
threonine deaminase (TD), which converts L-threonine 
to a-ketobutyrate in the isoleucine biosynthetic path¬ 
way. Interestingly, a strong correlation was observed 
between cell division, differentiation and activity of TD. 
This is in contrary to the general dictum that L-leucine 
activates TD"*-. L-Leucine and L-isoleucine, which 
reduced TD level, induced differentiation. L-Methionine 
and L-threonine, which increased TD activity, enhanced 
proliferation. L-Cysteine and L-valine had no effect on 
the TD activity or proliferation/differentiation^^. 

Besides TD, another enzyme which is not directly 
involved in the metabolism of the cell, glyoxalase-I, has 
also been employed as a marker enzyme to determine 
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the extent of proliferation and differentiation and the 
transition of one phase to another^^. This enzyme that 
catalyses the conversion of ketoaldehyde into its 
respective thioester, v/as found to be associated with 
cell proliferation in cultures of Datura innoxia^^^, 
Amaranthus^^ and Brasslca}^. One possibility as to how 
this enzyme initiates proliferation maybe by removal of 
its substrate, methylglyoxal, a cell division inhibitor, 
from the system. 

The polyphosphoinositide intracellular signalling 
system is now well investigated in the animal kingdom, 
and it is generally agreed that its principal purpose is to 
generate the second messengers, diacylglycerol (DG) 
and inositol triphosphate (IP3) (ref. 36). A number of 
pieces of experimental evidence suggest that the same 
signalling system may exist in plants, for example: 
several constituents of the cycle including inositol 
phospholipids (PI, PIP and PIP2)^^ inositol phos¬ 
phates (IP, IP2 and IPa)^®, DG^^, kinase that catalyse 
the phosphorylation of PI to PIP and PIP to PIP2 (ref. 
40), phospholipase"^^’and a kinase that resembles 
PKC*"^ have been identified in plants. 

Earlier studies of comparison of the membrane lipid 
composition of Datura cultures at different stages of 
differentiation revealed significant differences in the 
level of Recently, it was found that the levels of 

glycerophosphoinositol increased in homogenates of 
Brassica cultures during proliferation, induced by 
polyamines or SAM or amino acids like L-methionine 
or L-threonine, whereas there was a decrease in the 
level of glycerophosphoinositol (GPI) and increase in 
the level of glycerophosphoinositol phosphate (GPIP) 
and glycerophosphoinositol biphosphate (GPIP 2 ) during 
differentiation induced by MGBG or by the amino 
acids L-leucine or L-isoleucine"^^. The increased level 
of GPIP and GPIP 2 along with decreased level of GPI 
in differentiating cultures indicates the higher turnover 
of PI compared to the proliferating cultures. Such 
turnover can lead to enhanced levels of secondary 
messengers being released in the systems as a result of 
hydrolysis of PIP 2 into DG and IP3 and each of these 
metabolites possesses the potential to initiate a cascade 
of biochemical processes. In animal systems, polyamines 
have also been found to stimulate the phosphorylation 
of PI, by activating PIP kinase, leading to the 
formation of PIP 2 (ref. 47, 48). 

Manoharan et demonstrated light-induced 

changes in the membrane lipid composition and among 
the plasma membrane lipids, PI showed an increase. A 
strong correlation between phytochrome-regulated 
induction in proliferation, differentiation and PI 
turnover has also been demonstrated^*^. Red-light- 
induced proliferation and far red-induced differentiation 
are likely to be the consequences of alteration in plasma 
membrane polyphosphoinositides. Therefore, as in 
animal systems, the agonist-stimulated inositol phos- 
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pholipid turnover maybe a crucial step in the signal 
transduction for altering the pattern of plant growth 
and development. 

Molecular controls of differentiation 

There are some evidences to show that special types of 
proteins are formed in a callus committed to produce 
somatic embryoids. The polypeptide pattern alteration 
during somatic embryogenesis in callus cultures of two 
genotypes of Pisum sativum was studied. Two protein 
bands (70 kDa and 45 kDa) were found to be present in 
a nodular yellowish type of callus which formed 
somatic embryoids-'’^ Choi et could probe 

differentiation at the molecular level. They isolated 
three distinct cDNA clones through differential immuno- 
adsorption techniques which may be playing key roles 
in differentiation of embryoids in somatic cells cultures 
of carrot. The progression of the cell cycle is primarily 
controlled by sequential expression of various genes. 
Kodama et present a comprehensive study of the 
changes in gene expression during the cell cycle of a 
higher plant by providing a catalogue of constituent 
polypeptides, of their relative rates of synthesis and of 
the population of translatable mRNAs. 

In studies from this laboratory, satellite DNA from 
hypocotyl tissue were found to be highly methylated 
(CmCgg) whereas satellite DNA of cultured cells was 
undermethylated or demethylated. Demethylation of 
some of the satellite DNA sequences appears to be a 
necessary condition before regulatory steps leading to 
proliferation and differentiation of explants can occur in 
vitro conditions'^ 

Conclusions 

Figure 2 summarizes our observations in induction of 
proliferation and differentiation in B. oleracea. Methio¬ 
nine, SAM, ACC and polyamines, when supplied 



Figure 2. Summarizing figure showing the role of factors regulating 
cell division and differentiation in Brasica oleracea. 
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exogenously in the presence of hormones, induce rapid 
celt division, which unless checked by growth inhibitors, 
such as ethylene antagonists—AVG, AgNO^ and 
CoCU and polyamine inhibitor, MGBG, differentiation 
cannot occur. Red light also induced proliferation 
which could be reversed by FR light. The signal 
transduction leading to differentiation involves PI 
turnover and a decrease in some marker enzymes like 
glyoxalase-I and TD. We have also recognized amino 
acids as important growth-regulators which can 
perhaps initiate the chain of transformation in ceil 
commitment. 

In tissue culture, addition of growth hormones may 
result in prolific cell division, and often due to positive 
feedback by cytokinins, more cytokinins are produced''^'*' 
and tissue remain in the potential phase of growth. 
Such tissues often become neoplastic and fail to 
differentiate. However, on depletion of nutrients or with 
exogenous supply of inhibitors, cells may enter 
stationary phase, where cell organization may occur 
resulting in differentiation. To understand the metabolic 
switches controlling cell cycle and differentiation, it is 
essential that a concerted effort is made not only by 
tissue culturists but also by biochemical and molecular 
biologists. 
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K-theory of singular varieties 
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Homi Bhabha Road, Bombay 400 005, India 

Algebraic K-theory may be used to study the properties 
of vector bundles and matrices of functions on a singular 
algebraic variety. This is illustrated here by the example 
of a cone, which is a variety XeC^ which is the space of 
solutions of a homogeneous polynomial equation /(x, y, 
-z) == 0 in 3 complex variables. 

Broadly speaking, K-theory is the study of vector 
bundles. A real vector bundle of rank n on a space^ X is 
a space together with a continuous mapping/:£ -►Jf, 
such that for each point x of X, the fibre 

p~^ (x) = = {all points of E which map to x} 

has the structure of an n-dimensional real vector space. 
Further, one wants the vector* spaces E^. to 
‘vary nicely’^ with X ; for example, if 0^^ is the origin in 
the vector space E^, the collection of points 0^, (as x 
ranges over the points of X ) forms an isomorphic copy 
of the space X inside F, which is called the zero section 
of the bundle. 

A complex vector bundle p:E X of rank n is defined 
similarly, except that we now want E^ = C”. 

Example 1: For any space X, let £ = J^xR", the 
product space, and let p: F be the projection, given 
by p (x, v) = x for all (x, i?) in X x R". This is called the 
trivial real vector bundle of rank n on X, Similarly one 
has the trivial complex vector bundle A" x C" X □ 


Vector bundles on cones 


An affine algebraic variety X in C” is the space of 
solutions of a system of polynomial equations 

fl (-^Is • • • j ^n) fl • • • > ^/i) • • • fr (^l5 • • • > ^n) 

An algebraic vector bundle on an algebraic variety X is 
a complex vector bundle p :E-^ X, where F is also an 
algebraic variety (in C”, say) and p is an algebraic map 
(the restriction of a polynomial map p: C"* C"). 


General problem. Let X be an algebraic variety ‘with 
singularities’. How does the structure of vector bundles 
on X reflect the presence of these singularities?"^ 

Rather than discuss what one means by a ‘singularity’^ 
in general, and state general results, we restrict out 
attention to a very special class of singularities, where 
our results may be stated in a form which is more 
understandable to the non-specialist; yet, the essential 
difficulties already appear in this special case^. 

Let X be the zero set of a single polynomial equation 
/(x, y, z) = 0 in (the case of X in —plane curves 
—is well understood). A point (xq, yo, ^o) ^ is called 

singular if the partial derivatives of / all vanish: 


df df df 

^(Xo, yo, Zo)=^(xo, yo, Zo) = ^(xo, ^0.20)= 


0 . 


Let/be homogeneous’ of degree d (at least 2). Then the 
partial derivatives of/ are also homogeneous of positive 
degree d — 1, and thus vanish at the origin (0, 0, 0) (since 
there is no constant term); hence this is a singular point 
of X. If this is the only singular point of X, we call X a 
cone (of degree d). 


Example 2: Let X be the circle, which we think of as 
obtained from the interval / = [0, 1] (real numbers 
between 0 and 1, end points inclusive), by identifying 
the end points^ 0 and 1. 

Let F be the Mobius band, obtained from the vertical 
strip {0=^x^l} in the plane by identifying the vertical 
lines x = 0 and x = 1 by the rule (0, y)'>^(l, -y) (i.e. (0, y) 
is identified with (1, -y)). The projection onto the x-axis 
induces a map p:E-~^ X. This is a non-trivial real 
sector bundle of rank 1 on the circle X, whose fibres 
ire the images of vertical lines. The image of the 
nterval given byy = 0, O^x^l (which is a circle going 
iround the ‘middle’ of the Mobius band) is the zero 
ection. 

In contrast, the trivial real vector bundle of rank 1 on 
. circle is a circular cylinder, which is obtained from the 
trip 0<x<l in the plane by identifying (0, y) with 
t, y) for all real numbers y; its zero section is the image 
f the interval y“0, 0<x<l. This is not isomorphic to 
fe Mobius band; the Mobius band remains connected 
^hen we remove its zero section, while the cylinder 
eciomes disconnected on removing its zero section. □ 


Example 3: If/(x, y, z) = x" 4- y" — z" (with n'^2) then 
X = {/=0} is a cone of degree n (for n = 2 the real 
number solutions of this equation describe the standard 
circular cone in R^). □ 

If X is a cone, then as a space, X is contractible i.e. it 
can continuously be deformed within itself into a point 
(in contrast, a circular cylinder is an example of a space 
which is not contractible; one may deform it within 
itself into a circle, but not into a point). An explicit 
deformation of X is given by the 1-parameter family of 
mappings 

/i,: X X, K (x, y, z) = ((1 - t)x, (1 ~ t)y, (1 - t)z). 

Here h^ix, y, z) = (x, y, z), while (x, y, z) = (0, 0, 0). A 
theorem in topology states that any vector bundle on a 
contractible space is topologically isomorphic to a 
trivial bundle. 

Problem 1: Is every algebraic vector bundle on a cone 
X algebraically trivial? 

This problem was raised by M. P. Murthy around 
1970. He showed that this is the case for line bundles 
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(bundles of rank 1). A theorem® of Murthy and Swan 
implies the following result. 

Theorem: Let X be a cone and x^(0, 0, 0) a general 
point of X. Suppose we can find a complex line L in 
such that 

(i) L meets X only at x, and 
(a) L is not tangent of X at x. 

Then all vector bundles on X are trivial 

From this one can show that bundles are algebraically 
trivial for cones of degrees 2 and 3 (exercise for the 
reader!). 

Our first result^ is 

Theorem 1: If X is a cone of degree at least 4, then 
there exist algebraically non-trivial bundles on X; in fact, 
there exist uncountably many algebraic isomorphism 
classes of bundles. 


Matrices of algebraic functions 

Let X — {f=0} be a cone. The algebraic functions on X 
are the restrictions to X of polynomial functions g(x, y, 
z) on C^, where g^, ^2 the same function if they 
differ by a multiple of the defining function / (so that 
Qi^Qi vanishes on X). Let r(X) be the collection of 
algebraic functions on X; it is a ring (i.e. one can add 
multiply algebraic functions). 


Example 4: If f=xy-z^, then X is a cone of degree 2; 
then r(X) consists of functions of the form^^ 
a (x, y) + z • h (x, y), with 

{a^ + zhj’f“(a2"l‘2fc2)“(^i ^12)'^ z{bi + i?2)> 

{a^ + zbi)' (<32 + 262 ) = ( 01^2 + xybib 2 ) + 2 {a^b 2 + ciibi)- 
We can now state our second problem: □ 


Problem 2: Let X be a cone. Let be a fc x /c matrix 
with entries in r(X), and determinant equal to 1. Can 
we always reduce M^, using row and column operations 
with coefficients in T (X), to the k x k-identity matrix 
/fc? (I,, is the matrix with Ts on the main diagonal, and 
zeroes elsewhere,)^ ^ 

Specifically, let X = {xy”-z^ = 0} and let be the 
matrix 


M,= 


^1+2 X 0 0 

— y 1-2 0 0 

0 0 10 

0 0 0 1 


0 0 0 0 

\ 0 0 0 0 


0 ^ 

0 

0 

0 

0 

V 


(M^ 0 \ 

V 0 h.J 


where 4_2 is the (k“2)x(fc-2) identity matrix. Can 
Mjt be reduced to by row and column operations 
with coefficients in F (X)? 

Our result is the following^ 

Theorem 2: For any cone X, one can find matrices M ^, 
for all sufficiently large k, which cannot be reduced to 1^ 
by row and column operations. Specifically, if 
X = {xy-z^ — 0} the above matrices have this 
property for any k^2. 

Algebraic K-theory 

The above theorems are proved using algebraic K-theory. 
To any algebraic variety Tone associates'^ a sequence 
of groups KfY) for i=0, 1, 2,..., the algebraic K- 
groups of Y\ this is done using algebraic topology. Very 
briefly, one may define a correspondence^"^ between 
algebraic vector bundles £, F as an isomorphism of E 
with a subquotient^^ of F; denote such a correspondence 
by E<F. One constructs a simplicial complex K(y) 
whose n-simplexes are all possible chains of correspon¬ 
dences 

Eq<Ei<E2“^ ... ^E„. 

Thus, one has a point [F] of K(y) for each vector 
bundle E; for each correspondence F < F, one has a path 
in K(y) joining [F ] to [F ]; for each pair of correspon¬ 
dences F<F<G, one has a triangle in K(y) with 
vertices [F], [F], [G]; etc. The K groups of y are 
defined to be the homotopy groups^^ of the space K(y); 
this definition is due to D. Quillen. There are more 
concrete descriptions of Ko(y), K^iY) in terms of 
generators and relations defined using vector bundles, 
and also of X 2 in some cases. 

We make a ‘modification’ of the cone X (known in 
algebraic geometry as ‘blowing up’!) which yields a non¬ 
singular variety y, in which the singular point ( 0 , 0 , 0 ) in 
X is replaced by a non-singular curve C. The X-groups 
of the pair (y, C)^*^ yield invariants of vector bundles 
and matrices on X, which we can show to be non-zero; 
this is the main step in the proofs of the theorems. 


1. We use the term space to mean a topological space. 

2. More precisely, one imposes a condition called local triviality: for 
each X in X, there is an open neighbourhood U of x such that 
p” ^ (U) U is isomorphic to a trivial bundle C/ x R" 1/ on t/. 

3. An explicit isomorphism is given by the mapping/: / R^,/(t) = 

(cos 2nt, sin 2nt). 

4. The study of vector bundles on non-singular varieties is also of 
great interest; for example, Serre’s Conjecture states that all 
algebraic vector bundles on C" are algebraically trivial (see 
Problem 1). It was proved independently by Quillen, D., Invent. 
Math. 1976, 36, 167, and by Suslin, A. A., Soviet Math. Doklady, 
1976, 17, 1160, after special cases had been obtained by Seshadri, 
C S. (n=2, in 1958) and Murthy, M. P. and Towber, J. (n = 3, in 
1974). 
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5. This is a point on a variety where it is impossible to find local 
holomorphic coordinates i.e. a point where the variety is not a 
complex manifold. 

6. More general results are obtained in Srinivas, V., J. Reine Angew. 
Math., 1985, 359, 90; 1985, 362, 4. 

7. i.e. every term which occurs in / with a non-zero coefficient 
has i+j + k—d. 

8. Murthy, M. P. and Swan, R. G., Invent. Math., 1976, 36, 125. 

9. Srinivas, V., Compos. Math., 1982, 47, 249. 

10. These identities may remind the reader of the rules for adding 
and multiplying complex numbers ib, where a, h are real 
numbers, and -1; here, polynomials in x and y play the role 
of real numbers, while z plays the role of i. 

11. A matrix of complex numbers, whose determinant is 1, can 
always be reduced to the identity matrix by row and column 
operations with complex coefficients; an n'xn matrix of 
polynomials in m variables (i.e. algebraic functions on C"*), with 
n^3, and determinant 1, can be reduced to the identity by row 
and column operations with polynomial coefficients; this is a 
result of Suslin, A. A., Izv. Akad. Nauk S.S.S.R., 1977, 41, 235. 

12. Srinivas, V., J. Reine Angew. Math., 1987, 381, 37-50. 

13. See Quillen, D., Lect. Notes in Math. No. 341, Springer-Verlag, 
New York, 1973; Grayson, D., Lect. Notes in Math. No. 551, 
Springer-Verlag, New York, 1976; Srinivas, V., Algebraic K- 
theory, a book based on lectures at Bombay, due to appear 
shortly. 

14. This is not standard terminology. 

15. i.e. there are sub-bundles together with an 

isomorphism of E with the quotient F 2 /F 1 . 

16. To be precise, define K,-(Y) = tc .-1 (K (T)). 

17. i.e. the homotopy groups of the homotopy fibre of the mapping 
K(y)“+K(C), induced by restriction of vector bundles from Yto 
C. 

9 January 1990 


Magnetic properties of manganese ores 
of Vizianagaram district of Andhra 
Pradesh 

A. Lakshmipati Raju and U. Kedareswarudu 

Department of Geophysics, Andhra University, 

Waltair 530 003, India 

Natural remanent magnetization (NRM) and magnetic 
susceptibility of manganese ores from the Vizianagaram 
district of Andhra Pradesh were measured. The NRM 
values are in the range 0.1 x x e.m.u. 

while the susceptibility values are between 3x 10""^ and 
18xl0~^ c.g.s. Samples containing minerals like 
jacobsite and vredenburgite have high values. Increase in 
NRM, in general, is associated with an increase in 
susceptibility. The koenigsburger ratios range between 
0.02 and 61.7, with most of them below unity. 
Multidomain magnetic grains in the unaltered ores and 
the effect of supergene processes in the case of secondary 
ores may account for the koenigsburger ratios. 

Manganese ore deposits in the Vizianagaram district of 
Andhra Pradesh are distributed in a belt between north 

314, 


latitudes IS"" 13' to 18° 30' and east longitudes 83° 13' to 
83° 45'. The geological formations in the area belong to 
the khondalite group comprising of quartzites, garneti- 
ferous quartzites, quartz-garnet-sillimanite gneisses, 
graphite-sillimanite-gneisses, calc-granulites, calciphyres, 
crystalline limestones, manganiferous silicates and 
manganese ores. Manganese ore occurs in close 
association with calc-granulites and garnetiferous 
quartzite. The metamorphosed manganese silicate- 
carbonate, commonly known as protore, occurs within 
and conformable to the khondalite group of formations. 

The manganese ores in Eastern Ghats are of sedi¬ 
mentary origin. During regional metamorphism sub¬ 
sequent to their deposition, the manganiferous sediments 
are reconstituted to protore. Epigenic activity resulted 
in the formation of secondary ore deposits conformable 
with the associated rock types. 

Geological aspects of the deposits have been reported 
earlier^ Prospecting for some of these ore deposits 
by magnetic method and a study of the magnetic 
properties were attempted by Bhimasankaram^’^. 

For the present study manganese ore samples were 
collected, on a pilot scale, from different localities 
(Table 1). The intensity of natural remanent magnetism 
(NRM) and magnetic susceptibility was measured. A 
total of 23 samples were collected and cylindricM 
specimens (2.5 cm diameter and of even length) were 
drilled out of them. These specimens were used in the 
determination of magnetic properties. NRM intensity 
was measured with an astatic magnetometer of appro¬ 
priate sensitivity. A susceptibility meter® was used for 
measuring the magnetic susceptibility at a field strength 
of 0.5 Oe. 

The measured values of NRM intensities were in the 
range 0.1 x 10~^ to 118 x 10"® e.m.u. while the magnetic 
susceptibility values range between 3x10"^ and 
18 X 10"® c.g.s. The average values for different sites are 
given in Table 1. Koenigsburger ratios, Q„ = JJKH for 
jF/ = 0.5Oe., were calculated using the measured values 
of J„ and K. They range between 0.02 and 61.7. The 
ranges and average values are also listed in Table 1. 
Samples from Sadanandapuram have the highest NRM 
intensity and Q„ values. In the case of magnetic 
susceptibility, samples from Chipurupalle have the 
highest values followed by those form Sadanandapuram. 
Samples from Gadabavalasa have low Q„ values. 

The samples, in general, contain pyrolusite and 
psilomelane. Some of them from Sadanandapuram 
contain, in addition, jacobsite, braunite, bixbyite, 
limonite, hausmanite and traces of vredenbergite and 
magnetite probably accounting for the high values of 
NRM intensity and susceptibility. The ore samples 
from Chipurupalle, having high susceptibilities, are in 
the relict stage. Sivaprakash^ observed that primary 
minerals at Devada are far less than at Sadanandapuram 
and Chipurupalle. Therefore, there appears to be a 
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Table 1. Magnetic properties of manganese ores. 



Number 

of 

samples 

Number of 

J,(xl0 


/C(xl0'5) 

Q. 


Site 

measure¬ 

ments 

Range 

Average 

Range 

Average 

Range 

.Average 

Sadanandapuram 

5 

18 

0.32-11815 

1.24(9) 

35.5(6) 

9370(3) 

10.0-1800 

12.1(9) 

366.0(9) 

0.11-0.71 

33.3-61.7 

0.25(15) 

51.31(3) 

Devada 

2 

4 

O.A-181 

— 

3.0-10 

7.7 

0.11-3.12 

1.19 

Garbham 

8 

13 

0.16-30 

7.0 

12.0-156 

46.5 

0.02-1.27 

0.26 

Gadabavalasa 

4 

7 

0.1-2.9 

1.7 

8.0-26 

12.3 S' 

0.02-0.57 

0.17 

Chipurupalle 

4 

13 

0.16-356 

79.0 

2.0-1114 

638.0 

0.16-0.81 

0.41 


Numbers in parentheses indicate the number of observations averaged. 



Figure 1. Plot of NRM intensity ) against susceptibility (K), 


relationship between mineralogy and the magnetic 
properties. In Figure 1, NRM intensities are plotted 
against magnetic susceptibilities. Increase in NRM 
intensity, in general, is associated with an increase in 
susceptibility. Such a relationship was observed for 
massive haematite (containing no other iron-bearing 
mineral) Bhimasankaram^ observed an approximate 
linear relationship between magnetic susceptibility and 
normative amount of (Mn, Fe 304 ). From Figure 1, it 
appears that the magnetic minerals responsible for an 
increase in susceptibility are also likely to enhance 
NRM as far as the samples under study are concerned. 

The ratio Q„ is generally used as an indicator of 
magnetic stability in palaeomagnetic work. In igneous 
and volcanic rocks magnetizations with high Q„ are 
considered stable. A criterion, based on for assessing 
the stability in sedimentary rocks was earlier formulated 
and used^^ Q„ values also reflect the grain size or the 
domain structure of ferrimagnetic minerals. Usually, the 
values for multidomain grains range between 0.2 and 
1.0. Values for sediments may be close to zero^^. A high 
Q„ value indicates the presence of fine grains. The 
values in Table 1 indicate that in most cases the 
magnetic grains are multidomain in nature. In some of 


the manganese ores under consideration the primary 
minerals were altered to secondary oxides by supergene 
processes. Therefore, minerals deposited after being 
transported by meteoric waters may resemble sediments, 
in general, as far as values are concerned thereby 
accounting for the low values. The three high values of 
and in the case of Sadanandapuram, seem to be 
due to an isothermal component of magnetization. 


1. Fermor, L. L., Rec. G.S.L, 1912, 42, 208. 

2. Prabhakara Rao, K., Q. J. Geol Min. Met. Sac. India, 1950, 22, 
25. 

3. Krishna Rao, J. S. R., Q. J. Geol. India, 1954, 26, 35. 

4. Rao, G. V., Econ. Geol., 1969, A35, 24. 

5. Krishna Rao, S. V. G., Bhattacharya Samit and Sarma, K. J., J . 
Geol. Soc. India, 1981, 22, 197. 

6. Bhimasankaram, V. L. S., Geophys. Prospect, 1958, 6, 11. 

7. Bhimasankaram, V. L. S., Bull. Natl. In.st. Sci., 1958, Part I. 

8. Likhite, S. D. and Radhakrishnamurty, C, Bull. Natl. Geophys. 
Res. InsL, 1965, 3, I. 

9. Sivaprakash, C., Econ. Geol., 1980, 75, 1083. 

10. Du Bois, R. L., J. Geophys. Res., 1962, 67, 2887. 

11. Radhakrishnamurty, C. and Mishra, D. C, Bull. Natl. Geophys. 
Res. Inst. India, 1966, 4, 103. 

12. Stacey, F. D. and Benerjee, S. K., The Physical Principles of 
Palaeomagnetism, Elsevier Scientific Publishing Co., 1974, p. 115. 

13. Nagata, T., Rock Magnetism, Marenzen Co. Ltd., 1961, p. 312. 


ACKNOWLEDGEMENTS. The magnetic properties were measured 
in the palaeomagnetic laboratory of the National Geophysical 
Research Institute, Hyderabad. We thank the Director, NGRI, for 
providing the facility. Thanks are also due to Dr G. V. S. Poorna- 
chandra Rao, NGRI for his help in the measurements and 
Dr K. K. V. S. Raju, Department of Geology, Andhra University for 
providing a mineralogical description of the samples. 

14 January 1989; revised 29 November 1989 


CURRENT SCIENCE, VOL. 59, NO. 6, 25 MARCH 1990 


315 




RESEARCH COMMUNICATIONS 


A note on the spectroscopic studies of 
marine shell, Mytilus sp. 

I. Surya Kumar, K. Sreenivas, K. R. Reddy, B. J. Reddy* 
and K. Ramesh* 

Departments of Geology and *Physics, S. V. University College, 
Tirupati 517 502, India 

The optical and electron paramagnetic resonance spectra 
of the shell of Mytilus sp. show the characteristic features 
of Fe^"^ ion, and indicate possible replacement of 
calcium by Fe^"** and Mn^'^ ions in octahedral symmetry 
in the calcite lattice of the prismatic region of the shell. 
We conclude that the green colour of the shell is due to 
the higher Fe^*^ content of the calcite of the prismatic 
region of the shell. 

Optical and EPR spectra of the shell of Mytilus sp., a 
species of mollusc, were analysed, to identify the metal 
ions responsible for the green colour of the shell. 
Samples, collected from the beach at Madras on the 
east coast of India, were ground into fine powder. The 
emission spectrum was recorded using specure carbon 
electrodes on a Littrow spectrograph. The transition 
metals Fe, Mn and Ti were detected and their respec¬ 
tive percentages (440, 100 and 50 ppm respectively) 
were determined ^ 

The optical absorption spectrum (Figure 1) was 
recorded on Cary 2390 Spectrophotometer in the 
region 400—2500 nm. Since the sample is not trans¬ 
parent, its optical spectrum was recorded in mull form 
as described by Faye^. The spectrum exhibits three 
bands at 468, 505 and 620 nm and their corresponding 
energies in wavenumbers are 21360, 19795 and 
16125 cm”\ These bands are the characteristic features 
of Fe^ ion. Based on the nature of the band positions 
they are attributed to the transitions, 

""A,, - - *T 2 ,{G) and 

— *Tig(G) respectively. 



Figure 1. Optical absorption spectrum of Mytilus sp. recorded at 
room temperature. The spectrum exhibits three bands at 468, 505 and 
620 nm showing the characteristic features of Fe^ ion. 



—I-1_I_I-1— 

1600 2000 2400 2800 3200 


Field (G) 

Figure 2. EPR spectrum of Mytilus sp. at liquid nitrogen 
temperature. A six line transition due to Mn^"^ ion is observed 
around 3200 G. Fe^'*' ion resonance signal is observed at 1510 G. 


The crystal field parameters are evaluated by using 
Tanabe-Sugano diagram^ drawn for configuration 
with C/B-4.5 as B = 645cm”^ and Dq = 580 cm^^. 

EPR spectrum was recorded on X-band spectrometer 
at 9.07 GHz, both at room and liquid nitrogen 
temperatures. The spectrum recorded at room tempera¬ 
ture did not give any valuable information. The 
spectrum was therefore recorded at liquid nitrogen 
temperature (Figure 2), where the components are well 
resolved. A six-line pattern arises from the coupling of 
electron magnetic moment S = 5/2, with nuclear mag¬ 
netic moment / = 5/2, for the Ms — — 111 —F 1/2 
transition. The calculated parameters are g = 2.028 and 
^ = 94xl0“'^cm“^ The lines observed in between the 
main six lines known as forbidden lines are due to 
change of the electron and nuclear spin states. The 
resonance signal observed at 1510 G with ^ = 4.29 is the 
characteristic of Fe^”^ ion. These observations are in 
tune with EPR spectrum of Mytilus edulis reported 
earlier from the beach near Odiorne State Park, New 
Hampshire"*^. 

From the nature and position of the bands in the 
optical spectrum, it is revealed that the bands are 
characteristic of Fe^^ ion in octahedral symmetry. The 
resonance signal due to Mn^*^ ion with g = 2.028 and 
Fe^"^ ion with ^ = 4.29 suggests the possibility of an 
unusual substitution for Ca^"^ ions in the calcite lattice 
of the prismatic region of the shell. The nature of the 
optical spectrum depends on the concentration of the 
ion present in the sample. In the present case, the 
interpretation of the optical spectrum due to Fe^^ ion 
is justified since the percentage of iron is relafively 
more than that of manganese which is known from 
quantitative estimations. Hence the green colour of the 
shell is due to Fe^^ ion which is established from 
optical and EPR studies. 
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Record of Echinoid genus Ditremaster 
from Middle Eocene rocks of Kutch, 
India 

D. K. Srivastava and S. Srivastava 

Geological Survey of India, B-201, Rajendra Marg, Bapu Nagar, 
Jaipur 302 015, India 

The echinoid genus Ditremaster is being recorded and 
described here for the first time from Middle Eocene 
rocks of Kutch and India. The genus is characterized by 
its subglobular test with faint frontal sinus and anteriorly 
excentric ethmolytic apical system with two genital 
pores. 

Studies on Tertiary echinoids in Kutch have extended 
for nearly century and half to the present day several 
workers^ Among echinoids, Breynia, Eupatagus, 
Hemiaster, Meoma, Moira and Schizaster constitute the 
spatangoid group^’, which occur commonly in the 


Tertiary sediments of Kutch®. During field work in 
1982, a well-preserved specimen of spatangoid echinoid 
was collected by one of us (S.S.) from the rock of 
Bermoti Series (Babia Stage) exposed at about 500 m 
north of Harudi (68°4r 15":23° 30'20") village, district 
Kutch, Gujarat (Figure 1)^ and this specimen is 
described in this paper. Detailed morphological examina¬ 
tion of the specimen has confirmed that the echinoid 
specimen belongs to the genus Ditremaster Munier^ 
Chalmas, 1885 and is reported for the first time from 
Kutch and India. The microfauna, Nummulites perforatus, 
Truncorotaloides topilensis, T. rohri and Orbulinoides 
beakmanni present in association indicate a Lutetian 
age. 

The specimen (Figure 2) is characterized by its 
medium-sized subglobular test having faint frontal 
sinus and anteriorly excentric ethmolytic apical system 
with two genital pores (diameter 0.68 mm). These pores 
are 1.68 mm apart. Ocular plates I and V are largest, 
pentagonal (maximum diameter 0.99 mm) and separa¬ 
ted by 1.22 mm wide madreporite. Ocular plate III 
is smallest (maximum diameter 0.61 mm). Each ocular 
plate is perforated by a single, circular ocular pore 
(diameter 0.15 mm) lying close to the outer margin of 
the plate. 

Ambulacral petals are five in number, depressed, 
petaloid and slightly flexuous excluding III which is 
straight and open; III is longest (14.53 mm) and 
narrowest (3.97 mm); I and V are shortest (8.69 mm) 
and II and IV are broadest (5.81 mm). 

The pore pairs of poriferous zone in paired 
ambulacra are non-conjugate and consist of outer oval 
pores (maximum diameter 1.14 mm, minimum 0.38 mm) 
and inner elliptical pores (maximum and minimum 
diameters 0.84 mm and 0.26 mm respectively). A row of 


200 cm 



LITHOSTRATIGRAPHIC 
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Figure 1, Geological map. 
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Figure 2. Ditremaster sp., aboral view (x 1*75 approx.). 


small tubercles is present on coastae between each pore 
pair. In ambulacrum III both the pores of pore pair are 
elliptical in shape (maximum and minimum diameters 
0.45 mm and 0.15 mm respectively) and are separated 
by a single tubercle. 

Ambulacral plates simple and in poriferous zone each 
plate is perforated by a pore pair. The length and width 
of the largest ambulacral plate are 2.28 mm and 
0.45 mm respectively. The specimen has only a 1.14 mm 
wide peripetalous fascicle which passes ail around the 
extremities of petals, curving sharply inwards just 
posterior of petals II and IV. 

The test is ornamented with non-perforated and non- 
crenulated tubercles which are sunken in small circular 
scrobicules. Orally, these are denser than those on 
aboral side. However, peristome and periproct are not 
preserved in the specimen. 

The presence of a peripetalous fascicle and ethmolytic 
apical system with two genital pores confirms it to be a 
henaiasterid. It has also been observed that at the 
generic level, the other morphological characters of the 
specimen share with two genera namely Ditremaster 
Munier-Chalmas, 1885 and Opissaster Pomel, 1883, but 
the former differs from the latter in not having an oval 
test, deep frontal sinus and a centrally situated apical 
system 

The specimen no. 1-133 has been deposited in the 
Regional Palaeontological Laboratory, Geological Survey 
of India, Jaipur. 
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Marine Permian fossils from foothills 
of Bhutan Himalaya 

Ashutosh Joshi 

Geological Survey of India, Bhutan Unit, Samchi, Bhutan 

The sequence of rocks with marine Permian fossils 
referred to as Seti Khola Formation in the present paper 
is well exposed in the Sankosh valley of Bhutan. The 
1000-m-thick fossiliferous Formation is overlying Siwalik, 
with a northward dipping thrust (Main Boundary Thrust) 
separating the two. Fossils, represented by brachiopods, 
gastropods, bryozoans and crinoids, suggest late Lower 
Permian age. Sedimentological studies indicate a shallow- 
water mixed environment to lagoonal environment 

Well-preserved marine Permian fossils represented by 
brachiopods, gastropods, bryozoans and crinoids have 
been discovered from the Sankosh valley of Bhutan 
Lesser Himalaya (see Figure 1). The fossil locality is 
defined by coordinates 26° 44' and 89° 48'; best 
outcrops are exposed along the Seti Khola. The Seti 
Khola Formation that lies north of Siwalik and south 
of Phuntsholing formation was considered part of the 
continental Gondwana sequence by majority of 
workers^’^ and Eocene by others^. Profuse biotic 
activity in the Formation warranted a closer examina¬ 
tion and systematic search for the fossils. 

Three mappable units separated from each other by a 
tectonic plane are demarcated (Figure 1). The Siwalik 
Group of rocks (thickness ^ 1700 m) are exposed in the 
south of the area and are thrust over by the rocljs of 
the Seti Khola Formation. The northward dipping 
thrust designated as Main Boundary Thrust (MBT) 
separates the two units. In the north, Phuntsholing 
formation with quartzite and phyllite is thrust over the 
Seti Khola Formation. This Formation with over 
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Figure 1. Geological map of part of Sankosh valley. 


1000 m of thickness is divisible into three members, viz. 
Lower, Middle and Upper each with a distinct 
lithological character (Figure 2). The Lower Member 
comprises maroon sandstone and shale and grades 
upward into a Middle Member that consists of 
rhythmically interbedded black, grey, green shales and 
calcareous sandstone. The Upper Member comprises a 
sequence of thickly bedded dirty white to grey 
sandstone, carbonaceous nodular shale and diamictite. 
The medium-to-fine grained sandstone is generally 
calcareous and at places coarse. The sandstone-shale 
ratio is variable and sandstone often occurs as boudins 
and lenses within the shale. The rocks have a general 
NE-SW trend with northwesterly dips. The folds of the 
Seti Khola Formation have a superposed character 
with NE-SW and NW-SE trending axes. 

As indicated in the lithotectonic column (Figure 2), 
the fossils occur at different levels. There are two modes 
of occurrence of these fossils; one in nodules and the 
other as clustered facies of shells. The nodules have 
spherical to oblate shapes and they consist of very fine 
and dense carbonate. Many of these nodules have fossil 
impressions on the surface but it is the core that 



LEGEND 

1 I*. ‘.*1 Coorst cro»« btddtd Sondston#, 2o Moroort 
Sond»tona and Sholi, 2bBlock,Gray Graan Sholaa 
and Caicoraoua Sandttona, 2c sa Carbonoctoua nodulor Shola 
and Colcoreoua Sondstona [I^ Oiamicita, 3 [v7v] Maroon 
quartzita, Slota Q Foaailifaroua horizon 


Figure 2. Lithotectonic column of Seti Khola. 
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invariably contains well-preserved fossils with pyrite 
disseminations. Many coarse platy nodules also occur 
where organisms are present only as graphitic or 
carbonaceous film. The fossils in sandstone occur as 
clustered and recrystallized shells. Recrystallization has 


rendered the preservation poor and obscured the 
details. The following species have been provisionally 
identified (Figure 3) from the collection: 1. Neospirifer 
cf. fasciger Keyserling; 2. Trigonotreta sp.; 3. Platytei- 
chum sp.; 4. Protoretepora cf. ampla Lonsdale; 5. Ortho- 



Figure 3. a, Neospirifer cf. fasciger Keyserling (x 1.5, GSI type no. 20321). d, Trigonotreta sp. (x 2, photo of plasticene cast, GSI 
type no, 20318). c, Platyteichum sp, ( x 2, part of the spine, GSI type no. 20319). <f, Protoretepora cf. ampla Lonsdale {x 1.5, GSI type 
no. 20320). e, Orthotetes sp. (x 3, GSI type no. 20322). f, Waagenoconcha sp. (x4, GSI type no. 20325). 
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tetes sp.; 6. Waagenoconcha sp. 

The faunal assemblage indicates late Lower Permian 
(Artinskian) age for the Upper Member, favouring a 
quiet water marine environment. The lithological 
character of this Member suggests a reducing environ¬ 
ment facilitating the formation of carbonaceous shale 
and pyrite. A partial or semi-isolation of the basin such 
as that found in the lagoonal environment could 
deposit coarser elastics during higher energy and fine 
clays at tranquility. The rocks of the Middle Member 
represent deposit of an unstable shelf environment 
characterized by extensive slumping while at the time of 
deposition of the Lower Member, the basin must have 
remained very shallow as indicated by sedimentary 
structures. Bioturbation, burrows and clastic dykes 
occur frequently in the lower and middle members. 

The present find has established a chain of Permian 
horizons all along the foothills from Arunachal Pradesh 
in the east to Jammu and Kashmir in the west. This 
find may help in revision of chronostratigraphy of 
Bhutan Lesser Himalaya as these rocks (Seti Khola 
Formation) occur immediately to the north of Siwalik 
all along the foothills except for a stretch of about 
30 km between Sarbhang and Geylegphug, Close 
proximity of marine Permian sequence, Gondwana and 
Siwalik exposed along foothills suggests possibilities of 
existence of marine Permian horizon underneath the 
Siwalik. 


1. Jangpangi, B, S., Him. GeoL, 1974, 4, 117. 

2. Gansser, A., Geology of the Bhutan Himalaya^ Birkhauser Verlag, 
1983, p. 181. 

3. Nautiyal, S. P., Jangpangi, B. S., Singh, P., Sarkar, T, K. G., Bhate, 
V. D., Raghavan, M, R. and Sahai, T. N., Int. Geol. Congr. 22nd 
Session, 1964, 11, 1. 
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Electrophoretic variation in laboratory 
strains of two sibling Drosophila species 

Ravi Parkash and Jyoutsna 

Department of Biosciences, Maharshi Dayanand University, 

Rohtak 124 001, India 

Genetic variation at eight gene-enzyme systems has been 
^studied in laboratory strains of Drosophila takahashii 
and Drosophila lutescens which constitute a pair of 
sibling species. Comparison of the genetic structure of D. 
takahashii and D. lutescens reveals that ADH, ODH, 
a-GPDH and EST-7 constitute non-differentiating loci 
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since both the electrophoretic phenotypes and allelic 
frequencies are similar for these loci. However, MDH-1, 
AO and APH-3 loci constitute species-discriminating loci 
because except for a few shared alleles, the allelic 
frequency patterns are differential in the two sibling 
species. The data on the indices of genetic diversity 
patterns in the sibling species pair are discussed. 

The use of allelic isozymes (allozymes) as probes of 
genetic structure of populations and species has 
revolutionized the status of population, ecological and 
evolutionary genetics ^ The gel electrophoretic analysis 
of gene-enzyme systems has made it possible to infer 
genotypes from electrophoretic phenotypes due to 
codominance of allelic expression^. Thus, the data on 
electrophoretic mobility differences in species indi¬ 
viduals have been used to infer genetic differences at 
enzyme loci in various drosophilids but there is little 
information on the allopatrically distributed sibling 
species populations of D. takahashii and D. lutescens^ 
The present paper reports the patterns of electro¬ 
phoretic variability for eight gene-enzyme systems in 
laboratory strains of these two sibling Drosophila 
species. 

Isofemale lines of D. takahashii and laboratory strains 
of D. lutescens were characterized after Bock^. About 
12-14 homogenates of single individuals of both species 
were loaded in each horizontal starch gel slab 
(15x10x1 cm) and run electrophoretically at 250 V 
and 30 mA at 4°C for 4 h and the gel slices were stained 
for different gene-enzyme systems^. Enzymes in¬ 
clude octanol dehydrogenase (ODH, E.C. 1.1.1.73); es¬ 
terase (EST, E.C.3.1.1.1); acid phosphatase (ACPH, 
E.C.3.1.3.2); a-glycerophosphate dehydrogenase (a-GPDH, 
E.C.1.1.1.8); alkaline phosphatase (APH, E.C.3.1.3.1); 
malate dehydrogenase (MDH, E.C.1.1.1.37); aldehyde 
oxidase (AO, E.C. 1,2.3.1) and alcohol dehydrogenase 
(ADH, E.C. 1.1.1.1). The genetic basis of enzyme¬ 
banding patterns was interpreted from the segregation 
ratios of electrophoretic phenotypes of the parents and 
progeny (Fi/F 2 /backcross) of species-specific genetic 
crosses (Table 1). The segregation ratios (1:1 or 1:2:1) of 
electrophoretic phenotypes for all the enzymes in both 
species agree with monogenic Mendelian inheritance. 
The population genetic structure of each species was 
described in terms of genetic indices'^'’®. 

Figure 1 depicts the electrophoretic banding patterns 
of different gene-enzyme systems in D. takahashii while 
the species-specific allelic isozymes (allozymes) for the 
polymorphic gene enzyme systems have been represen¬ 
ted in Figure 2. The polymorphic zones of ODH, 
ACPH, APH-3, MDH-1 and AO are represented by 
segregating single-band variants (fast or slow) and 
triple-banded patterns. On the contrary, segregating 
two-banded patterns (conformational isozymes) for 
ADH and a-GPDH represent allelic isozymes. The 
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Table 1. Genetic control of electrophoretic phenotypes of five different enzymes in laboratory 
populations of Drosophila sibling species. 


Zone 

Enzyme phenotypes 

Genetic crosses FF FS SS 

Sample size 

Testing the 
Mendelian ratios 

^2. 

ADH 

FFxFF 

12 

— 

— 

12 

— 

— 


FFxFS 

9 

11 

— 

20 

1:1 

0.20 


FSxFS 

6 

13 

5 

24 

1:2:1 

0.25 


SSxSS 

— 

— 

13 

13 

— 

— 


FSxSS 

— 

8 

12 

20 

1:1 

0.80 

ODH 

FFxSS 

— 

18 

— 

18 

— 

— 


FSxFF 

8 

10 

— 

18 

1:1 

0.22 


SSxSS 

— 

— 

16 

16 

— 

—- 

MDH-1 

FSxFF 

10 

14 

— 

24 

1:1 

0.66 


FSxFS 

8 

14 

10 

32 

1:2: ; 

0.75 


FSxSS 

— 

6 

10 

16 

1:1 

1.0 


FFxFS 

18 

14 

__ 

32 

1:1 

0.50 

a-GPDH 

FFxFF 

12 

— 

— 

12 

— 

— 


FSxFS 

5 

13 

6 

24 

1:1 

0.25 

EST-7 

SSxSS 

— 

— 

26 

26 

— 

— 


FSxSS 

— 

20 

24 

44 

1:1 

0.36 


FSxFS 

10 

18 

8 

36 

1:2:1 

0.22 


FFxFF 

10 

— 

— 

10 

— 

— 


F and S represent fast and slow segregating electrophoretic variants (allozymes); *non-significant at 5% 
level. 
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Figure 1. Representation of starch gel electrophoretic patterns for 
eight gene-enzyme systems in single individual homogenates of D. 
takahashii. Arrow indicates the direction of current flow. 


banding patterns of heterozygous individuals depict 
subunit structure of allozymes and accordingly mono¬ 
meric proteins (two-banded heterozygotes) include 
esterases; dimeric proteins (triple-banded heterozygotes) 
include ODH, ACPH, APH, MDH and AO. The 
monomorphic zones include EST-1 to EST-6, APH-1 
and 2 and MDH-2 and the electrophoretic mobilities 
values of all such zones are identical in both the sibling 
species. The identical electrophoretic phenotypes occur 
at most of the polymorphic zones except ACPH, APH-3 
and AO (Figure 2). 

The data on allelic frequencies, the observed and 
expected heterozygosity, Wright’s fixation index and the 
G-values for log-likelihood test for fit to Hardy- 
Weinberg expectations at eight polymorphic loci in 
sibling species (D. takahashii and D. lutescens) have been 
represented in Table 2. The two loci (ACPH and AO) are 
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Figure 2. Schematic comparative representation of allelic isozymes 
(allozymes) of eight gene-enzyme systems in two sibling species—D. 
takahashii and D. lutescens. Each enzyme has been shown in four bar- 
type diagrams. Allelic variants (electromorphs) for each enzyme are 
shown in first two bars while species-specific allozymes (D. takahashii 
and D. lutescens) are shown in bars 3 and 4 respectively. The bands 
have been drawn according to their electrophoretic mobilities. AO 
and EST-7 band patterns have been superimposed. 

highly polymorphic (high allelic content) in the two 
sibling species while the other loci are mostly diallelic 
(Table 2), The patterns of genetic indices i.e. the number 
and frequency of alleles and the amount of heterozygos¬ 
ity are almost identical at four loci (ADH, ODH, a- 
GPDH and EST-7). However, the two sibling species 
have revealed differential patterns of genetic indices at 
another four loci (MDH-1, AO, APH-3 and ACPH). The 
range of heterozygosities observed at various polymor¬ 
phic loci correlates well with the number of alleles and 
allelic frequencies in both species. Significant deviations 
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Table 2. Data on distribution of allelic frequencies, heterozygosities, Wright’s fixation index (/) and G-values for log likelihood lest for (it 
to Hardy-Weinberg expectations at 8 loci in Drosophila takahashii and D. lutescens. 


Locus 



D. takahashii 






D. lutescens 




N 

F 

S 

H./H. 

/ 

G-values 

idj.) 

N 

F 

S 

HoH, 

/ 

G-values 

(d.f.) 

ADH 

114 

0.16 

0.84 

0.28/0.27 

-0.03 

2.85 

1 

60 

0.27 

0.73 

0.35/0.39 

0.11 

0.44 

1 

ODH 

104 

0.71 

0.29 

0.42/0.41 

-0.02 

0.93 

1 

60 

0.67 

0.33 

0.40/0.44 

0.09 

0.60 

1 

MDH-1 

134 

0.75 

0.25 

0,45/0.37 

-0.19 

5.03* 

1 

75 

0.18 

0.82 

0.20/0.29 

0.32 

6.55* 

1 

a-GPDH 

164 

0.91 

0.09 

0,11/0.16 

0.12 

9.46* 

1 

76 

0.97 

0.03 

0.05/0.06 

0.17 

0.18 

1 

EST-7 

no 

0.29 

0.71 

0.40/0.41 

0.02 

0.17 

1 

50 

0.37 

0.63 

0.50/0.46 

“0.08 

0.27 

1 



1 2 

3 4 






1 2 

3 4 





AO 

130 

0.29 0.60 

0.11 — 

0.46/0.54 

0.15 

26.02* 

3 

99 

0.20 0.39 

0.29 0.12 

0.45/0.71 

-0.37 

43.9* 

6 

APH 

132 

0.05 — 

0.33 0.62 

0.59/0.51 

-0.16 

16.17* 

3 

82 

0.37 

-- 0.63 

0.54/0.46 

-0.15 

2.07 

1 

ACPH 

180 

0.07 0.82 

0.10 0.01 

0,40/0.34 

-0.16 

18.2* 

6 

75 

0.02 0.78 

0.09 0.11 

0.44/0.44 

0 

27.95* 

6 


N, Sample size; Fast (F) and slow (S) represent diallelic loci while 1, 2, 3 and 4 refer to allelic variants at tetra-allelic loci. and H,., observed 
and expected heterozygosity. 

The +ve and -ve values of Wright’s fixation index (/= 1 — obs.hct/exp.het.) indicate deficiency of heterozygotes and excess of heterozygotes 
respectively. Log-likelihood x^ l^st (G-test) was used to obtain statistical significance of the difference between obs. and exp. genotypes^re¬ 
values significant at 5% level. 


from Hardy-Weinberg expectations have been observed 
at AO, APH-3, a-GPDH and ODH in D. takahashii and 
at ACPH, AO and MDH-1 in D. lutescens. The data on 
Wright’s fixation index (/) in D. lutescens indicate 
deficiency of heterozygotes at MDH locus and excess of 
heterozygotes at AO locus. 

Most of the enzyme loci analysed in the sibling 
species pair are effectively polymorphic based on the 
criterion that the frequency of the most common allele 
is <0-99. The lack of genic variation seen at the a- 
GPDH locus concurs with the functional constraint 
hypothesis^. Also, the occurrence of two-banded 
electrophoretic phenotypes in ADH and a-GPDH 
allelic variants concurs with the earlier reports that in 
NAD-requiring dehydrogenases, more than one electro- 
morph (conformational isozyme) may arise due to post- 
translational differential binding of coenzyme NAD. 

The sibling species pair of D. takahashii and D. 
lutescens are indistinguishable morphologically and are 
known to differ in their geographical distribution, i.e. D. 
takahashii occurs in South-east Asia as well as from 
India and Japan while D. lutescens is endemic to Korea 
and Japan^. The present observations reveal some 
genetic differentiation at 50% of the loci examined in the 
two sibling species. The results on allelic frequencies and 
heterozygosities at polymorphic loci in D. lutescens 
concur with the data reported earlier"^. Comparison of 
the genetic structures of D. takahashii and D. lutescens 
reveal that ADH, ODH, a-GPDH and EST-7 constitute 
non-differentiating loci since both the electrophoretic 
phenotypes as well as allelic frequencies are similar for 
these loci. However, MDH-1, AO and APH-3 constitute 
species-discriminating loci because except a few shared 
alleles, the allelic frequency patterns are differential in the 
two sibling species. The present observations do not 
reveal a diagnostic locus with distinct mobilities and/or 
nonsharing of major alleles in the two sibling species. It 

CURRENT SCIENCE, VOL. 59, NO. 6, 25 MARCH 1990 


is proposed to extend the present studies to analyse 
patterns of genic variation at several gene-enzyme 
systems in ecogeographical populations of D. takahashii 
and D. lutescens to assess the occurrence of species 
diagnostic loci as well as the role played by evolutionary 
processes in the maintenance of genetic variability^’ 
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Solubility differences in sporopollenin of 
pollen and pollinial walls 

P. Sreedevi, Geetha S. Pillai and A. N. Namboodiri* 
Department of Botany, Mahatma Gandhi College, 

Trivandrum 695 004, India 

*Tropical Botanic Garden and Research Institute, Palode, 
Trivandrum 695 562, India 

Pollen grains of some asdepiads are aggregated and 
enclosed in a sporopolienin-containing pollinial wall that 
extends in between the enclosed pollen grain walls but 
does not fuse with them. The pollinial walls are generally 
soluble in hot 2-aminoethanol and thus behave like the 
ectexine of pollen grains in solubility. However, in 
Tylophora^ the pollinial wall is soluble only at the bud 
stage, but as the pollinium matures, the inner region of 
the pollinial wall becomes insoluble, recalling the 
character of pollen endexine. The nature and cause of 
solubility^insolubility changes of sporopollenin related to 
ageing need further study. 

In some members of the Asclepiadaceae, pollen grains 
are aggregated and enveloped to form a definitive sac 
called the pollinium. The pollinial wall, like the 
pollen exine, is composed of sporopollenin^’^. Two types 
of sporopollenin are recognized^ in pollen exine: hot 2- 
aminoethanol-soluble groups of the ectexine and 
insoluble groups of the endexine. With this background 
we have examined the structure of the wall of pollinia 
and polyads, and the possible occurrence of 2-amino- 
ethanol-soluble and insoluble regions similar to those of 
pollen exine. 

TEM studies of the pollinia of Telosma and 
Calotropis show that the pollinial wall is homogeneous, 
in contrast to the distinct exine and intine zones of the 
walls of pollen grains enclosed by them. Interestingly, 
the pollinial wall extends in between the pollen walls of 
the aggregated pollen grains but does not fuse with 
them (Figure 1). As for polyads, there is no separate 
covering wall around the pollen aggregates but in those 
examined here the ectexines of component pollen grains 
are fused to form a composite body. 

The action of hot 2-aminoethanol on the pollinial 
walls of Asclepias, Calotropis, Daemia, Dregea, Telosma 
and Tylophora (members of the Cynanchoideae) was 
studied, with pollen grains of four non-asclepiadaceous 
genera,—viz. Cosmos, Ipomoea, Lantana and Vinca, as 
controls. 

The ectexine of the pollen grains of the controls 
dissolves in 2-aminoethanol at 70~80°G within 10-45 
min depending upon the species. Treated pollen grains 
lose the architectural outer wall and become smooth¬ 
surfaced but the continuity of the wall is maintained 
and the pollen contents are retained. In contrast, the 
pollinial walls of the asclepiad genera, with the 
exception of Tylophora, dissolve in hot 2-aminoethanol. 
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Extension of pollinial wall 



^Area photographed 



Figure 1. a, Drawing of a cross section of the pollinium of Telosma. 
b. Electron micrograph of the portion marked in A. [E, exine; I, 
inline; P, extension of the pollinial wall.] 

During treatment, in addition to the pollinial wall, the 
inner extensions of the pollen grains also dissolve, with 
the result that individual grains become easily separated. 

In regard to solubility, the pollinial wall of Tylophora 
demonstrates an apparent similarity with the pollen 
exine. The outer pollinial wall materials are lost as 
globules in the initial stages of treatment. However, 
even after 45 min in hot 2-aminoethanol, the surviving 
part of the pollinial wall retains its continuity, like the 
endexine. 

The effect of hot 2-aminoethanol on pollen associ¬ 
ations in polyads was also investigated. In Acacia and 
Calliandra of the Mimosoideae and in several members 
of the periplocoideae examined, the pollen grains are 
aggregated to form polyads, with the number of 
constituents varying from four in Cryptostegea to more 
than 30 in Hemidesmus. Hot 2-aminoethanol generally 
separates the pollen grains in all these associations. 
However, in mature pollen associations of Hemidesmus, 
the pollen grains are dissociated up to the level of 
tetrads only in contrast to young polyads which yield 
individual pollen grains after treatment. 

The present observations confirm that hot 2- 
aminoethanol dissolves ectexine of pollen grains as 
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already reported by Southworth^. Further, the pollinial 
walls of asclepiads behave like the ectexines of pollen 
grains as far as solubility is concerned. Expectedly, the 
cementing materials of polyads, representing fused 
ectexines, also dissolve in hot 2-aminoethanol. 

In a few systems, solubility of sporopollenins in hot 
2-aminoethanol is related to age. In young pollinia of 
Tylophora (up to 4 days before dehiscence) the pollinial 
wall disintegrates after treatment and the pollen grains 
are dissociated easily. However, in mature pollinium 
only the outer portion of the pollinial wall dissolves. A 
similar situation seems to prevail in the pollen grains of 
the species used as controls. Hot 2-aminoethanol 
dissolves the entire wall of pollen grains up to 4 or 5 
days before dehiscence. At this stage, ornamentation on 
walls of pollen grains is discernible and the walls 
respond positively to tests of sporopollenin-specific 
solvent of fused KOH. In the mature wall also both 
ectexine and endexine respond to tests of sporopollenin; 
but only the ectexine of the mature pollen grain 
dissolves in hot 2-aminoethanol. 

Southworth'*’ reported the existence of three different 
groups of sporopollenin: soluble (ectexine), insoluble 
(endexine) and soluble when young but insoluble when 
aged. She had not examined pollinial walls. Tylophora 
illustrates a condition in which the mature pollinial 
wall has soluble and insoluble regions and in which 
soluble sporopollenin becomes insoluble as the bud 
develops to a flower. 

The nature and cause of solubility-insolubility 
changes of sporopollenin of pollen walls associated with 
ageing are interesting aspects for further study. 


1. Jalaja, S. and Namboodiri, A. N., Experientia, 1975, 31, 915. 

2. Vijayaraghavan, M. R. and Shukla, A. K., Ann. Bot., 1976, 40, 417. 

3. Southworth, D., Am. J. Bot., 1985, 72, 1274. 

4. Southworth, D., Am. J. Bot., 1974, 61, 36. 
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High yielding preparation of viable 
protoplasts from hypocotyls of 
Sesamum indicum L. 

Mukta Dhingra and Amla Batra 

Department of Botany, University of Rajasthan, Jaipur 302 004, 

India 

Viable protoplasts from hypocotyl explants of Sesamum 
indicum L. van T-13 were successfully established. 
Isolation was best done with combination of Cellulase 
1.5% (w/v) and Macerozyme 0.5% (w/v) in presence of 
mannitol (0.6 M) and CaCl2*2H20 (0.2%) as osmotic 
stabilizers at pH 5.8. Freshly isolated protoplasts were 
colourless, spherical and of various sizes. 


Plant protoplasts are becoming an increasingly impor¬ 
tant experimental system for plant biologists. Currently, 
such isolated cells find application in basic morpho¬ 
logical and physiological studies, plant propagation and 
in the production of somatic hybrids. Fundamental to 
all these approaches is the requirement to obtain 
consistently high yields of viable protoplasts. In the 
present communication we report successful isolation of 
viable protoplasts from hypocotyl explants of Sesamum 
indicum L. var. T-13. 

Hypocotyl explants were taken from ten-day-old 
aseptically grown seedlings raised from seeds procured 
from Agriculture Research Station, Mandore (Jodhpur). 
Seedlings were grown on 0.6% agar containing half 
strength salts of Murashige and Skoog’s^ basal rnedium 
with sucrose (1%). The release of protoplasts is 
dependent on a large number of factors which have 
been standardized for the first time in Sesamum indicum, 
an oilseed crop of major importance in India. 

Best results were obtained when hypocotyl segments 
measuring 1.5 cm were incubated with cell wall¬ 
degrading enzymes (Cellulase Onozuka R 10, Kinki 
Yakult Co., Japan; Macerozyme Onozuka R 10, Kinki 
Yakult Co., Japan; Drieselase, Hakko Kogyo Co., 
Japan). 

Table 1 enumerates the various enzyme combinations 
tried. For isolation of protoplasts from hypocotyl 
Segments of Sesamum indicum, the best enzyme 
combination was Cellulase 1.5% (w/v) and Macerozyme 
0.5% (w/v), when mannitol (0.6 M) and CaCl2-2H20 
(0.2%) were used as osmotic stabilizers. The pH of the 
enzyme solution was adjusted to 5.8. No pretreatment 
was given to the explants since it did not prove effective 
in improving the results. After 4 h of incubation at 30''C 
in dark, the digested tissue was sieved to remove debris 
and the filtrate was collected in 15 ml screw cap 
centrifuge tubes. Centrifugation was done for 5 min at 
100^7. After removal of the supernatant with a pasteur 
pipette, the protoplast pellet was suspended in a 
washing solution, containing 0.6 M mannitol and 0.2% 
CaCl2*2H20. This was centrifuged at 100^ for 5 min 
and the procedure was repeated thrice to remove all the 
traces of enzyme which proved deleterious for the 
protoplasts, if left for long. Washed protoplasts were 
resuspended in 20% (w/v) sucrose solution, to form a 
density gradient and again centrifuged at 100^ for 
5 min. Protoplast band was removed using a pasteur 
pipette. Purified protoplasts were resuspended in 


Table 1. Enzyme combinations tried for release of 
hypocotyl protoplasts of Sesamum indicum L. 

Enzyme Concentration (%) 


Cellulase 

3.0 

1.5 

1.0 

1.0 

0.5 

Macerozyme 

1.0 

0,5 

0.5 

1.0 

2.0 

Drieselase 

— 

— 

0.2 


— 
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Figure 1. Freshly isolated protoplasts of Sesamum indicum L. van 
T-13. 

different culture media at a density of 1 ml suspension 
per 2 ml of liquid media. 

Freshly isolated protoplasts were colourless spherical 
and of various sizes with a distinct nucleus and 
cytoplasmic strands (Figure 1). 

In the present investigation, hypocotyl segments were 
found to be the best source of rapid isolation of 
protoplasts. Earlier workers have also found hypocotyls 
to be a good source of stable protoplasts well suited for 
growth, fusion and regeneration^"^. Roy and De^ also 
found hypocotyls to be the most ideal material for 
protoplast isolation with regard to rapid division and 
high plating efficiency. 

Crop improvement using genetic engineering requires 
the execution of several procedures which are difficult 
to .accomplish in the required sequence in any economic 
species. Plant protoplasts would undoubtedly play an 
important role in the rapidly emerging plant bio¬ 
technology for crop improvement especially in the case 


of oilseeds which are known to possess limited genetic 
variability. Hence further work on the culture of the 
isolated protoplasts of Sesamum indicum would be 
interesting and rewarding. 
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Isolation and characterization of an 
aflatoxin-inhibiting metabolite from 
A. niger 

T. Shantha and E. R. Rati 

Discipline of Microbiology, Central Food Technological Research 
Institute, Mysore 570 01.3, India 

The factor from Aspergillus niger that inhibits aflatoxin 
production by A. flams was purified from culture broth 
and identified as oxalic acid. The inhibition was verified 
by using authentic samples of oxalic acid. 

The interaction of A. niger with A. flavus against 
production of aflatoxin has been reported by several 
workers^ Horn and Wicklow^ observed that lowering 
of pH is one of the factors suppressing aflatoxin 
production. They also speculated on the production of 
an antimetabolite by A. niger causing additional 
inhibition. The isolation, purification and characteriza¬ 
tion of the aflatoxin-inhibiting metabolite secreted by 
A. niger in liquid synthetic medium are described here. 

A. flavus (F 2 ) and A. niger cultures were isolated in 
this laboratory, and maintained on Czapek-Dox agar 
and potato dextrose agar slants respectively at 6-8°C. 
Spores were obtained by subculturing on the agar 
slants and incubating at 28''C for 5 days. To prepare 
the crude metabolite, 1 ml distilled water suspension of 
the A. niger culture (0.7 x 10^ no./ml) was dispersed into 
sterile Czapek-Dox-casein"^ medium and incubated at 
28°C for seven days under stationary culture conditions. 
The mycelial mat was filtered off through a cheese 
cloth. The filtrate was concentrated under reduced 
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pressure at 60°C and treated with activated charcoal. 
To the cool and clear filtrate was added distilled 
ethanol up to 70% and kept in cold for about 2 h to 
allow the white precipitate to settle. It was removed by 
filtration. The aqueous alcohol phase was concentrated 
again under reduced pressure at 45°C. Crystalline white 
precipitate separated after allowing it to stand in cold 
for several hours. White precipitate was collected by 
filtration, dissolved in sufficient amount of IN HCl, and 
subjected to Dowex-50 ion exchange column chromato¬ 
graphy. Eluants used were 80% ethyl alcohol, and 
0.4 N, 0.8 N, 2 N and 4 N of NH4OH solution in the 
same order. Of these fractions, solid separated from 
ethyl alcohol fraction was recrystallised from acetone. 
The crystalline solid thus obtained was identical to an 
authentic sample of oxalic acid in its physical and 
chemical properties namely, solubility, chromatographic 
mobility, crystalline structure, melting point (102°C- 
monohydrate) and equivalent weight (63), 

Fifty mg of this solid and the other fractions from 
Dowex-50 column were tested for aflatoxin-inhibiting 
activity by adding each into the medium"^ inoculated 
with toxigenic A.flavus, and incubated for seven days at 
28°C. The culture broths were extracted with methanol 
and chloroform for aflatoxins. Aflatoxins were estimated 
by visual TLC method^. Results indicated that the ethyl 
alcohol fraction exhibited maximum antagonistic 
potential curtailing aflatoxin biosynthesis to the extent 
of 85%. 

After identifying the inhibitor as oxalic acid, an 
authentic sample (BDH India, GR grade) of oxalic acid 
was tested for its inhibitory activity by supplementing 
various levels (50 to 1000 ppm) to the culture medium 
and incubating with A. flavus for production of 
aflatoxin under conditions previously mentioned. 
Extraction and estimation procedure for aflatoxin was 
the same as described earlier. Figure 1 indicates that 
there was no lowering of pH at the end of seven days as 
a result of addition of oxalic acid, which implies that 
decrease in production of aflatoxin by oxalic acid is not 
by lowering the pH. The figure also reveals that 



Figure 1. Inhibition of aflatoxin production by A. flavus in presence 
of oxalic acid in Czapek-Dox liquid medium in seven days at 28“C 


maximum inhibition occurred at 250 ppm level of 
oxalic acid. The mycelial mats collected (as described 
earlier) on preweighed folded filter paper circles were 
dried at 90'’C to a constant weight. The weights 
recorded were very close (0.9 g) to each other indicating 
that the decrease in aflatoxin production is not due the 
inhibition of the growth of aflatoxin-producing orga¬ 
nism. 

The study unravels that oxalic acid is one of the 
major inhibitory factors produced by A, niger to 
antagonize biosynthesis of aflatoxin by A, JIavus in 
liquid synthetic medium. The inhibition is not due to 
the lowering of pH. Although production of oxalic acid 
was reported in 1956 itself by Hayashi et aL^\ it has 
only now been recognized as a factor inhibiting 
aflatoxin synthesis. 
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Difluoromethylornithine sensitivity of 
ornithine decarboxylase from 
Acanthamoeba culbertsoni and Giardia 
lamblia 

P. Kishore, N. Gupta*, A. K. Agarwal* and 
O. P. Shukla 

Divisions of Biochemistry and * Microbiology, Central Drug Re.scarch 
Institute, Lucknow 226 OOl, India 

Acanthamoeba culbertsoni showed remarkable resistance 
to a-difluoromethylornithine (DFMO), while multiplica¬ 
tion of Giardia lamblia is inhibited by this compound. 
Ornithine decarboxylase (ODC) activity has been 
detected in both these parasites. DFMO inhibits ODC of 
A. culbertsoni and G. lamblia to a similar extent in the 
cell-free extracts as well as whole cells. The refractoriness 
of ODC to DFMO or the impermeability of cells to the 
inhibitor do not seem to be involved in DFMO resistance 
of A. culbertsoni. 

DL-a-Difluoromethylornithine (DFMO, eflornithine) is a 


CURRENT SCIENCE, VOL. 59, NO. 6, 25 MARCH 1990 


327 



RESEARCH COMMUNICATIONS 


specific enzyme-activated irreversible (suicide) inhibitor of 
ornithine decarboxylase (ODC), a key enzyme of 
polyamine biosynthesis in most prokaryotes and 
eukaryotes ^ Inhibition of this enzyme has important 
pharmacological and chemotherapeutic implications for 
cancer and protozoal diseases^* DFMO has been 
reported to inhibit growth of Trypanosoma brucei, 
Eimeria tenella, Plasmodium sp., Pneumocystis carinii^’ ^ 
and Giardia lamblia^ while certain other protozoa, viz. 
T. cruzi, Entamoeba histolytica. Trichomonas vaginalis, 
Acanthamoeba and Leishmania^~^ have been reported 
to be resistant. North et al}^ found that ODC of 
T, vaginalis was strongly inhibited by DFMO and this 
resistance may be associated with uptake of polyamines 
from the growth medium. The use of defined and semi- 
defined media has demonstrated the sensitivity of T. 
vaginalis, P. falciparum, L, donovani and A. castellanii to 
OFMO^^”^"^. Acanthamoeba culbertsoni has displayed 
remarkable resistance to DFMO^ but the mechanism 
of this resistance is not known; failure of the drug 
uptake and refractoriness of the enzyme to the inhibitor 
could be involved. The action of DFMO on the ODC 
of A, culbertsoni was therefore compared with that on 
the ODC of G. lamblia, a sensitive organism, and results 
are reported in this communication. 

A. culbertsoni (strain A-1 of Culbertson: ATCC No. 
30171) obtained from American type culture collection, 
Rockville, USA, was employed for the study. The 
amoebae were grown axenically in peptone medium 
containing per litre (UO* peptone 20 g; NaCl 5 g; 
thiamine 10 mg; and cyanocobalamin 5 pg as described 
earlier^ DFMO (gift from Merrell Dow Co. Cincinnati, 
Ohio) was dissolved in water, sterilized separately by 
filtration through 0.22 ^m membrane filter (Whatman), 
and added aseptically to the medium in the desired 
concentration. 

Axenic strain of G. lamblia was regularly maintained 
in TYI-S-33 medium of Diamond et al}^ of composition 
(g/100 ml): trypticase (BBL) 2.0; yeast extract (Oxoid) 
1.0; NaCl 0.2; K 2 HPO 4 0.1; K 2 HPO 4 0.06; cysteine 


hydrochloride 0.1; L-ascorbic acid 0.02; ferric ammonium 
citrate 0 . 0022 ; bovine serum (heat inactivated) 10 ml; 
vitamin mixture 2.5 ml, pH 6 . 8 . The medium was 
sterilized by filtration through a Seitz filter assembly, 
pre-autoclaved at 1.06kg/cm^ for 15 min G. lamblia 
culture was grown in screw capped glass tubes 
(16 X 125 mm), containing 9 ml of TYI-S-33 medium 
and giardial trophozoites as inoculum. The tubes were 
incubated at 3TC for 3-4 days to yield cell density of 
3-4 X 10^ cells/ml. 

The reaction mixture for the assay of ODC contained 
in the final volume of 250 pi: potassium phosphate 
buffer, pH 8.0, 50 mM; DTE 0.2 mM; EDTA 2mM; 
pyridoxal phosphate 40 juM and ornithine-l-f'^C 250 nCi. 
Whole cell samples and homogenates, of A. culbertsoni 
and G. lamblia, made by hand homogenization in an all 
glass homogenizer (50 up and down strokes were found 
to yield complete cell breakage with no loss of activity) 
were employed as the source of enzyme. The reaction 
mixture was incubated with shaking at 3TC for 1 h in 
tubes sealed with rubber stoppers. The reaction was 
stopped by injection of 0.5 ml of 50% TCA and CO 2 
absorbed on filter papers soaked with 50 pi KOH 
(40%). The filter paper strips containing absorbed CO 2 
were transferred to scintillation fluid (PPO 0.4%, 
POPOP 0.01% in 500 ml toluene and 500 ml methoxy 
ethanol) and radioactivity counted in LKB liquid 
scintillation counter. 

The results presented in Table 1 demonstrate 
ornithine decarboxylase activity in A. culbertsoni as well 
as G. lamblia. The enzyme activity was much lower in 
A. culbertsoni compared to that in Giardia. In both the 
organisms similar level of enzyme activity was dete¬ 
ctable in the whole cells and cell homogenates 
indicating that the permeability of the substrate was not 
a limiting factor. Table 1 also indicates that ODC from 
G. lamblia was inhibited very strongly by DFMO 
yielding about 90-95% inhibition at 1 mM concentra¬ 
tion of the inhibitor. An essentially similar level of 
inhibition was obtained using unbroken Giardia cells 


Table 1. Effect of a-DFMO on the activity of ornithine decarboxylase of 
Acanthamoeba culbertsoni and Giardia lamblia. 


Acanthamoeba culbertsoni Giardia lamblia 
DFMO Enzyme activity (nmol CO 2 hmg protein) 
(mM) % Activity % Activity 


Cells 

Control 

_ 

0.186 ±0.022 

100 

2.17±0.12 

100 

DFMO 

0.1 

0.180±0.16 

96 

ND 

ND 

DFMO 

1.0 

0.137±0.005 

74 

0.28 ±0.09 

12.9 

DFMO 

10.0 

0.089 ±0.010 

48 

0.031 ±0.01 

1.43 

Cell homogenate 

Control 

— 

0.182 ±0.055 

100 

2.47 ±0.14 

100 

DFMO 

0.1 

0.142±0.015 

62 

ND 

ND 

DFMO 

1.0 

0.058 ±0.016 

17 

0.14 ±0.01 

5.67 

DFMO 

10.0 

0.027 ±0.001 

12 

0.017 ±0.001 

0.69 


ND, Not done. 
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or cell homogenates as the source of enzyme; the cells 
would thus seem to be freely permeable to DFMO. 
ODC of A. culbertsoni was also strongly inhibited in the 
cell homogenate by DFMO yielding about 70 and 85% 
inhibition at 1 mM and 10 mM concentrations, respec¬ 
tively. The enzyme of A, culbertsoni is, therefore, fully 
sensitive to the action of this inhibitor. DFMO, 
however, yielded somewhat lower inhibition when 
whole cells were used as the source of enzyme yielding 
about 25% and 50% inhibition at 1 mM and 10 mM 
concentrations. These results suggest somewhat lower 
permeability of DFMO in the trophozoites of A, 
culbertsoni. However, it cannot fully explain the 
resistance of the organism to DFMO as essentially no 
growth inhibition was obtained when cells were 
cultivated in peptone medium containing 20 mM 
DFMO^ which ensures continuous presence of the 
inhibitor with the cells. The actual mechanism of 
DFMO uptake by organisms and its relationship to 
DFMO resistance are not yet properly understood 
Our results presented in this communication would 
exclude impermeability of DFMO as well as insensitivity 
of amoebic ODC to this inhibitor as possible causes of 
the apparent DFMO resistance of A, culbertsoni. 
Diaminopropane has been detected as the principal 
polyamine of this amoeba (unpublished observations) 
that may substitute for putrescine and could be 
involved in the DFMO resistance of A. culbertsoni. 
Further studies on the effect of DFMO and related 
inhibitors are needed to understand their action on 
polyamine metabolism of amoebae and Giardia and 
their chemotherapeutic potential. 
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A sparkling reminiscence 


What Mad Pursuit: A Personal View of 
Scientific Discovery. Francis Crick. Basic 
Books, New York. Price $ 16.95. 182 pp. 


Reprinted, with permission, from Journal of Gene¬ 
tics, vol. 68, no. 3, December 1989. 

This is a very difficult book to review. 
Not because it is difficult to read, but 
for exactly the opposite reason: it is 
written in such an engaging and lucid 
style, with so much that is both new and 
interesting, that only reading the book 
in its entirety could give one a feeling 
for the richness of its contents. Having 
made this apology in advance, let me 
say that the book is Francis Crick’s 
account of the early days of molecular 
biology and his central role in shaping 
the field. Told and retold as it has been 
a number of times, the history of how 
the structure of DNA was unmasked 
does not take up much space (though 
even here one comes across surprises, as 
for instance Crick’s feeling that Watson 
‘stumbled on the correct base pairs’ in 
DNA without Chargaff’s rules being in 
the forefront of his mind). An autobio¬ 
graphy occupies much of the prologue 
and bits and pieces of the main text. 
The chief intellectual thrust of the work, 
its flesh and blood so to speak, is made 
up of Crick’s views on science (biology 
in particular) and, related to this, on the 
implications of evolution by natural 
selection being the predominant agency 
which has moulded the detailed proper¬ 
ties of living forms. What I will proceed 
to do is to first give an indication of the 
contents in roughly serial order and 
follow it up with a description of what 
Crick has to say about the importance 
of understanding the role played by 
natural selection. 

Francis Crick was born in 1916 into a 
middle class English family of modest 
background. His taking up a career in 
science seems to have been a matter of 
some financial risk, and it needed the 
support of relatives to see him through 
his starting days in research. An early 
loss of faith in Christian religion is 
claimed to have played a dominant part 
in shaping the course of his scientific 
life. A bachelor’s degree in physics led to 
research on ‘the dullest problem imagin¬ 
able’, measuring the viscosity of water 
under pressure at different temperatures. 


War and a few slices of luck intervening, 
Crick found himself in the Cavendish 
Laboratory in Cambridge working with 
Max Perutz on a newly funded project 
in the essentially unexplored area of X- 
ray diffraction as a tool to study protein 
structure. It was not all luck by any 
means. In a chapter titled The gossip 
test Crick describes how, by deciding 
that if you talked about something a lot 
it must mean that you were really 
interested in it, he knew he had to get 
into biology. Here, the toss-up was 
between (in modern terms) molecular 
biology and neurobiology. Both subjects 
were faintly mysterious; by virtue of 
being at the fringes of science as then 
known, appeals to faith would seem to 
be natural to anyone confronted with 



the puzzles of life and mind. These, 
therefore, were important areas for 
science to examine. His opposition to 
religious dogma having helped in narrow¬ 
ing down the field thus, molecular biology 
won the contest (though in later years 
Crick was to turn increasingly to 
problems of the brain). An apprentice¬ 
ship in the school of Bragg, Perutz and 
Kendrew—one gets hints of the exas¬ 
peration, at times, to which his voluble 
clarity in analysing problems seems to 
have driven Lawrence Bragg—led to a 
thorough grounding in X-ray crystallo¬ 
graphy. Close familiarity with the reasons 
for the failure of the Cavendish group in 
its competition with Pauling for predict¬ 


ing the a-helical structure of proteins 
gave Crick invaluable lessons. Chemistry 
was important (and, one might add, 
Linus Pauling was important), careful 
model building was important, but it 
was even more importarjt to know how 
to distinguish the essential from the non- 
essential before building a model. The 
famous meeting with Watson, recogni¬ 
tion on the part of both that an under¬ 
standing of the structure of DNA was 
crucial if genetics was ever to unite with 
biochemistry, and an obstinately persis¬ 
tent attack on the problem culminated 
in the stunning triumph of the double 
helix. DNA became, and continues to 
be, the paradigm for structure as the 
key to biological function [it is asto¬ 
nishing in retrospect that so much 
successful and interesting genetics was 
(and is) done without any role needing 
to be assigned to the chemical nature of 
the gene]. Much hard work was to 
follow, first in attempting to unravel the 
genetic code and then in the tour de 
force which showed that the code was a 
triplet. Perhaps here it is pertinent to 
allude to the remark (made towards the 
end of the book in relation to science in 
California) that one should not work so 
hard as to leave no time for serious 
thinking. DNA soon became part of 
popular folklore, probably not without 
a measure of appreciation of its impor¬ 
tance, as attested to by a lapel-button 
vendor in New York: ‘Dat’s the gene’. 
Pitfalls are catalogued; the misleading 
hint from comma-less codes which 
succeeded in producing the magical 
number of 20 amino acids, the false 
assumption that since most of the RNA 
in cells was found in ribosomes, that 
had to be the sought-for messenger 
between DNA and proteins. An early 
triumph, and tribute to Crick’s know¬ 
ledge of, and faith in, the rules of steric 
chemistry was the prediction that there 
had to be an adaptor in order to ensure 
that the message in a triplet actually led 
to a specific amino acid being incor¬ 
porated into the piotein. Here the 
remark, made in a different but related 
context apropos Schrodinger’s What is 
life, is of interest: . . like many phy¬ 
sicists, he knew nothing of chemistry.’ 
Somewhat unexpectedly. Crick says that 
he is reasonably sure that he would not 
have solved the structure of DNA by 
himself. Rosalind Franklin could have: 
she was only two steps from the solution. 
But she was a bit too cautious, lacking 
Watson’s overriding interest in getting 
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the answer, and moreover in getting it 
as quickly as possible. As mentioned in 
the review of S. Chandrasekhar’s book 
» (see Curr. ScL, 59, 28 4 j, the mathemati¬ 

cian Harish-Chandra had something 
very apt to say about such situations: 

.. Knowledge, by advocating caution, 
tends to inhibit the flight of imagina¬ 
tion. Therefore a certain naivete, un¬ 
burdened by conventional wisdom, can 
sometimes be a positive asset.’ 

One section of particular interest 
deals with Crick’s attitude to the 
possibility of non-conventional structures 
of DNA. His feeling is that the measure¬ 
ments of linking number in circular 
DNA molecules have put to rest any 
claim for attention that side-by-side 
models might have possessed. One 
wonders whether future experiments will 
continue to justify the validity of this 
^ belief, considering that none of the 
polymorphic DNA structures put for¬ 
ward hitherto affect the fundamental 
realities of base pairing and antiparallel 
strands; surely not all naturally occurr¬ 
ing forms of DNA have been examined. 
The story of the structure of collagen, 
on which pathbreaking work was done 
by G. N. Ramachandran and associates, 
is contrasted with the story of DNA: ‘Its 
discovery had all the elements that 
surrounded the discovery of the double 
helix. The characters were just as 
colourful and diverse,... yet nobody 
has written even one book about the 
race for the triple helix. This is surely 
because, in a very real sense, collagen is 
not as important a molecule as DNA.’ 

^ The latter part of the book contains 

mention of an excursion into develop¬ 
mental biology which was pulled up 
short by the realization that while 
gradients were all very well, there 
seemed to be no clue (luckily not true 
any more) as to what they were made 
of. Then there are references to brief but 
illuminating forays into contemporary 
molecular biology and, in some detail, 
discussion of a continuing active interest 
in brain mechanisms and perception, 
especially visual perception. The book 
^ ends with two very short appendices on 
the basis of molecular biology and an 
outline of the genetic code. 

As already mentioned, the theme of 
natural selection provides an underlying 
thread of unity to this book. This is 
explicitly stressed at times, but more 
often it comes into play in the form of a 
short but telling aside. Crick draws 
implicit attention in these asides to what 


Dobzhansky has asserted: Nothing in 
biology makes sense except in the light 
of evolution. This is a profound state¬ 
ment and, like all profound statements, 
can be discussed at many levels. At its 
heart is the fact that life as we know it is 
the result of an enormous series of 
accidental steps. Each step represented 
an unpredictable, minor, tentative attempt 
on the part of a living creature to 
hazard a guess as to the best possible 
course for it to take to improve ‘itself’ 
by producing progeny better able to 
cope with the environment than it 
could. But the challenges posed by the 
environment—both living and non¬ 
living—keep changing with time (in 
large part as a consequence of evolution 
itself). Because of this all living forms of 
today contain within themselves, irrever¬ 
sibly frozen in their genetic makeup, 
solutions to problems which no longer 
exist. This historical baggage manifests 
itself as complexity of a staggering 
order. The simple evolutionary step 
which forms part of an eventual com¬ 
plexity contains within it no ultimate 
sense of purpose or meaning. All 
evolution can do is to provide short¬ 
term solutions to immediate problems, 
solutions that are compatible with what 
is already present—not solutions that 
are optimal or ideal or innovative. In 
the words of Francois Jacob, evolution is 
a tinkerer. What decides which solutions 
exhibit a relative advantage in the short 
run, and so prevail in the long run, is 
natural selection. On top of this, we 
have sufficient evidence today to reason¬ 
ably conjecture that accidental 
catastrophes have often reset the stage 
for further evolution. Clearly, any att¬ 
empt to explain the design of a living 
creature by applying to it criteria such 
as elegance and aesthetic beauty which 
are said to fulfil an important role in 
theoretical physics (because they are born 
out of the ‘necessity’ of physical nature 
to conform to deep mathematical laws) 
is unlikely to be useful. In fact the three- 
dimensional structure of a folded poly¬ 
peptide might even be described as 
‘ugly’; the reason is that ‘Elegance, if it 
exists, may well be more subtle and 
what may at first sight seem contrived 
or even ugly may be the best solution 
that natural selection could devise.’ An 
interesting distinction is made with 
regard to this. There are ‘simple’ 
structures, like DNA or the a-helix, 
which must have arisen very early in 
evolution and which would therefore be 


‘.. . nearer to physical chemistry than 
biology. At that level there are few 
alternatives for evolution to work on.’ It 
is this that explains the ‘intrinsic beauty 
of the double helix’. On the other hand, 
structures at higher levels are necessarily 
more complex because of evolution; the 
clues to understanding them must lie (in 
a sense) in their biology, not in their 
physics or chemistry. Now I must quote 
extensively: ‘What gives biological re¬ 
search its special flavour is the long- 
continued operation of natural selection.’ 
However there is a curious paradox. ‘It 
might be thought, therefore, that evo¬ 
lutionary arguments would play a large 
part in guiding biological research, but 
this is far from the case . . . evolutio¬ 
nary arguments can be used as hints to 
suggest possible lines of research, but it 
is highly dangerous to trust to them too 
much.’ This leads Crick to the role of 
theory. ‘To produce a really good 
biological theory one must try to see 
through the clutter produced by evolu¬ 
tion to the basic mechanisms lying 
beneath them, realizing that they are 
likely to be overlaid by other, secondary 
mechanisms. ... If elegance and simp¬ 
licity are, in biology, dangerous guides 
to the correct answer, what constraints 
can be used as a guide through the 
jungle of possible theories? ... a deep 
and critical knowledge of many different 
kinds of [experimental] evidence is 
required, since one never knows what 
type of fact is likely to give the game 
away.’ 

These themes, the one of natural 
selection and the other of likely pitfalls 
in constructing theories in biology, are 
carried over into an epilogue containing 
an account of Crick’s more recent work. 
He is worried that people who ‘inflict’ 
models of the brain are essentially 
interested only in the pretty results that 
computer programs can produce, not so 
much in whether the brain actually 
works in accordance with their model. 
‘Intellectual snobbery makes them feel 
they should produce results that are 
mathematically both deep and powerful 
and also apply to the brain. This is not 
likely to happen if the brain is really a 
complicated combination of rather simple 
tricks evolved by natural selection.’ 

This is a book to be read more than 
once; the beauty of its style masks much 
hard science and subtle thought. In spite 
of having heard it many times from 
others, the.story of DNA as told by 
Crick still makes a marvellous read. A 
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sense of clarity of thought combined 
with an equally strong sense of commit¬ 
ment and overlaid with the deep power 
of his thinking runs through the entire 
book. One sees that Crick possesses 
that all-important but dismayingly elu¬ 
sive knack of distinguishing what is 
significant from what is not. His con¬ 
fidence in the power of structural 
chemistry to unravel the functioning of 
biological molecules is unflagging. At 
the same time, warning signals sound 
constantly to keep possible evolutionary 
arbitrariness in mind. Both text and 
photographs give the impression of a 
gregarious personality who enjoys life as 
much as he enjoys doing science. A 
lightness of touch is present all along—^no 
trace of ponderousness, no attempt at 
heavy philosophising. But there is self- 
assurance of a high order. On more 
than one occasion one is made to sit up 
with the thought that this is what 
Watson must have meant when he 
wrote his famous opening sentence in 
The Double Helix, but on the other hand, 
one feels strongly that the immodesty, if 
that is indeed how it appeared to 
Watson, was entirely justified. After all, 
the role of Francis Crick in the rise of 
molecular biology was both unique and 
unsurpassed. 

ViDYANAND NANJUNDIAH 
Centre for Theoretical Studies, and 
Dept of Microbiology and Cell Biology 
Indian Institute of Science 
Bangalore 560 012 


Advances in condensed 
materials 

Recent Advances in Condensed Materials. 

Special Issue of the Journal of Scientific 
Research of the Banaras Hindu Univer¬ 
sity. D. Pandey and A. V. Lagu eds. 
1988. voL 38. 148 pp. 

The eighties have been witness to 
spectacular advances in condensed mate¬ 
rials. If the discovery of quasicrystals in 
1984 revolutionized our scientific under¬ 
standing of the solid state, the discovery 
of high-temperature superconductors in 
1986 promises technological advances of 
an unprecedented kind. This elegant 
volume under review captures the spirit 
of some of these advances through 
seven articles. 

T. R. Anantharaman has written on 
‘New light alloys and composites through 


Rapsol technology’. Over a quarter 
century ago, he returned from the 
laboratories of Professor Pol Duwez 
and laid the foundation for the develop¬ 
ment of science and technology of rapid 
solidification in India. Though the tale 
has been told before, it is always 
refreshing to read how the employment 
of high rates of cooling of the order of a 
million degrees Kelvin per second bring 
about metastability in alloys. This paper 
reviews development of aluminium, 
magnesium and titanium alloys as well 
as metal matrix composites. 

In the second paper, P. Ramachandra- 
rao describes one particular metastable 
effect, namely the extension of solid 
solubility achievable through rapid solidi¬ 
fication. He elucidates the thermodynamic 
and kinetic considerations and gives a 
particularly succinct description of 
solute trapping. 

Quasicrystals were discovered just 
over five years ago by D. Shechtman 
and coworkers in rapidly solidified 
alloys of aluminium and manganese. 
They display crystallographically for¬ 
bidden symmetries such as five-fold 
rotational axes and have thrown a 
major challenge to our understanding of 
the atomic configuration in the solid 
state. The Banaras school has made 
impressive contributions to this new 
and exciting field by synthesizing a new 
class of quasicrystals based on Mg-Zn-Al 
alloys. In their article on ‘Quasicrystallo¬ 
graphy’, Shrikant Lele and R. K. 
Mandal present an interesting and 
rigorous description of this subject. 
Higher dimensional periodic lattices 
give rise to quasiperiodic lattices in 
lower dimensions. The projection forma¬ 
lism is developed in a systematic fashion 
and used to illustrate their own out¬ 
standing contributions to the develop¬ 
ment of decagonal quasicrystals and 
vacancy ordered phases by projection of 
non-cubic lattices from six dimensions. 

D. Pandey, V. S. Tiwari and A. K. 
Singh have chosen to deal with just one 
high-temperature superconductor, namely 
YBa 2 Cu 307 _y. They describe the ortho¬ 
rhombic structure and draw attention 
to the occurrence of CUO 2 sheets as well 
as the Cu~0 chains. Subtle features 
such as ordering of oxygen atoms, 
microtwinning and ordering of planar 
extended defects are emphasized. The 
paper also brings into context their own 
contributions of X-ray line profile 
analysis of ceramics prepared by a semi¬ 
wet or conventional route. 


The phenomenon of polytypism has 
been a major research area of the 
Banaras school of physicists for over 
three decades. The pioneering researches 
of A. R. Verma and P. Krishna are well 
recognized for structural modelling and 
refined X-ray investigations. In D. 
Pandey’s continuation of this tradition 
X-ray studies of the transformation 
among close-packed structures have 
been addressed. V. K. Kabra, representing 
the next generation of research scholars 
has written a powerful paper along with 
D. Pandey on the ‘Kinetics of solid state 
transformation using Monte Carlo simu¬ 
lation studies’. They show that the 2H 
to 6H transformation in SiC can be 
successfully modelled using Kawasaki 
dynamics. In addition they stumbled 
upon a new state where long range 
ordering can occur without short range 
order correlations. It is to be hoped that 
the authors will further elaborate on 
this topic. 

In a brief contribution, Lakshman 
Pandey describes the design of a sample 
probe for pulsed NMR studies on 
piezoelectric materials. 

The final paper by Yashwant Singh is 
an exposition on the density-functional 
theory of freezing and the properties of 
ordered phases. It follows the innovative 
approach initiated by T. V. Rama- 
krishnan and M. Yussouff and applies it 
to the freezing of simple and complex 
fluids as well as glass transition. 

In just under 150 pages the authors 
have covered a fascinating range of 
topics. All the articles are written in an 
authoritative fashion. The editors had 
indicated that they embarked on two 
experiments in fashioning this issue: the 
use of desk top publishing and the 
development of a focal theme. The 
appearance of the issue is pleasing and 
the focus is maintained. The Kulgeet 
rejoices that the Banaras Hindu Univer¬ 
sity is the capital of all knowledge. It is 
to be hoped that future issues of the 
journal, will focus on other areas, where 
the Varanasi scientists have made promi¬ 
nent contributions. Indeed this thematic 
issue can serve as a model for publica¬ 
tions brought out by other Indian 
universities. The editors are to be 
congratulated for their accomplishment. 

S. Ranganathan 
Department of Metallurgy 
Indian Institute of Science 
Bangalore 560 012 
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Archdeacon Pratt and the theory of isostasy 

B. P. Radhakrishna 




4 




The internal constitution of the earth 
reveals that it has a core composed 
largely of metallic iron and nickel 
covered by lower mantle and an outer 
layer of thin crust and upper mantle 
together constituting the lithosphere. It 
is usual to give the analogy of an egg to 
picture the constitution of the earth. 
The yellow portion at the centre is 
compared to the core, the white albumen 
part to the mantle and the outer egg 
shell to the rocky crust. In reality, this 
outer crust is not uniform but is thick 
beneath the continents and thin below 
the oceans. 

The upper part of the mantle, the 
asthenosphere, is believed to behave like 
a viscous fluid, with the result that in a 
mountain range like the Himalayas, low- 
density matter gets piled up, fold upon 
fold, with its root extending in depth, in 
much the same way as an iceberg, which 
has an extensive mass of ice beneath the 
water level and only the top projecting 
above the surface. The lithosphere, 
made up of continents and oceans, is 
conceived as floating, in a sense, above 
the lower mantle. One consequence of 
this concept is that when the crust gets 
loaded with either thick layers of ice, 
sediment or volcanic flows, it gets 
depressed. Conversely, when load is 
removed by way of erosion or by 
melting of the ice sheet, that portion 
gets uplifted. Such changes or adjust¬ 
ments take place to maintain equilib¬ 
rium. The name ‘isostasy’ has been 
given to this condition of equilibrium. 
Excess mass above is balanced by a 
deficiency in density below and vice 
versa. Holmes (Principles of Physical 
Geology, 3rd edn, 1978, p. 19) has thus 
defined isostasy as the ideal condition of 
gravitational equilibrium that controls 
the heights of continents and ocean 
floor and, therefore, a very important 
geological and geophysical concept. 

This idea appears commonplace today 
but the basic concept was enunciated a 
long time ago and the name of John 
Henry Pratt, Archdeacon of Calcutta, is 
closely associated with it. Col. George 
Everest (of Mt Everest fame), Surveyor- 
General of India (1830-1847), had 
observed, during a triangular survey of 
North India, differences between the 
astronomic observations and measure¬ 
ments across the land at stations 


Kaliana near the Himalayan foothills 
and Kalianpur in Central India. Astro¬ 
nomically, the distance between Kaliana 
and Kalianpur was found to be 5° 23' 
37.058", while from triangulation mea¬ 
surements, the distance was 5° 23' 42.294". 
There was thus a difference of 5.236" 
between the two measurements amount¬ 
ing to 168 m, which had to be accounted 
for. John Henry Pratt was requested in 
1852 to find a solution to this anomaly. 
How an Archdeacon at Calcutta was 
selected for such a study is not known. 
Pratt gave thought to this problem and 
came out with two papers published in 
Philos. Trans. R. Soc. Lond. in 1985 (vol. 
145, pp. 53-100 and 101-104). He 
pointed out that this difference was due 
to mass deficiency underneath the 
Himalaya and not due to any error in 
measurement. His solution has since 
come to be known as Pratt’s hypothesis. 
At about the same time. Sir G. B. Airy, 
who was the Astronomer-Royal, also 
examined the ‘Indian puzzle’ and came 
out with the convincing explanation 
that the height of the Himalayan 
mountain is compensated by a deeper 
root below. In other words, the gravi¬ 
tational attraction by the extra mass of 
the mountain was compensated by a 
deficiency of mass beneath. The higher 
the mountain the deeper the root and 
thicker the crust. These two hypotheses 
have formed the starting point for much 
of modern research on isostasy and 
mountain building. The principle of 
isostasy has come to be considered as 
the geological version of the Archimedes 
principle of buoyancy. 

As now understood, it is this principle 
of isostasy which makes the continents 
and mountains stand high because they 
are thick and composed of lighter mate¬ 
rial (density 2.7 g/cm^). Oceans, on the 
other hand, lie low because the crust 
beneath the ocean is thin, formed of a 
rock with high density (3.2 g/cm^). The 
oceans and the continents can, therefore, 
be considered as blocks having different 
densities floating on a viscous and dense 
asthenosphere. 

Weight added to the ocean basins on 
account of sediment load makes them 
sink providing rocmi for further sedi¬ 
ment accumulation. Similarly, when 
erosion removes material from a moun¬ 
tain, the weight gets reduced and isostatic 


adjustment takes place causing the 
mountain to slowly rise. Earth is pictured 
not as an inert mass but a dynamic 
entity pulsating with life and movement. 
It is this feature of the earth not probably 
found in any other planet which makes 
it unique in the solar system. 

A visual demonstration of the principle 
of isostasy is provided by Fennoscandia. 
Because of excessive load of ice during 
the last ice age the continent slowly 
sank. When the ice melted and the load 
was removed, the continent slowly 
began to rise and it is stated that the 
continent is still rising. Former beaches 
are now found at differing heights above 
sea level. It has been estimated that land 
has been rising at an average rate of 
2 cm per year for at least 5000 years. 
Similar evidence of uplift are to be 
found in different regions of the 
Himalaya. 

The discovery of low-density roots to 
mountains has many practical applica¬ 
tions. Gravity anomalies are now being 
used to provide information on condi¬ 
tions at the subsurface. The existence of 
a rock body below surface which has a 
different density from the surrounding is 
indicated by a gravity anomaly on the 
map. 

We should be proud of the fact that 
this universally accepted principle of 
isostasy which so satisfactorily explains 
the topographic differences on the surface 
of the earth and presents a picture of a 
dynamic and throbbing planet emanated 
on Indian soil a little more than hundred 
years ago. 

Ancient legacies often tend to act as 
dead weight and burden. This should 
not be. Ancient legacy and modern 
concept should blend together. This will 
happen only when we keep on ploughing, 
making the two blend harmoniously. It 
is only then, a seed falling on such a 
ploughed up and fertile soil has a 
chance to grow and yield a rich harvest. 

Archdeacon Pratt is remembered for 
his great contribution which has been 
accepted as a framework of development 
of earth science these last hundred 
years. 


B. P. Radhakrishna is editor, Journal of 
the Geological Society of India. 
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Why do worker bees work? 

It seems as though the theory of natural 
selection would expect animals to be 
selfish so as to increase the pro¬ 
babilities of their own survival and 
reproduction, at the cost of other 
members of their species. However, 
there are many instances of altruism in 
animals. The most striking examples of 
altruistic behaviour in the animal king¬ 
dom are the sterile workers among 
honey bees and other social insects who 
spend all or most of their lives labouring 
for their colony and often die without 
reproducing. Why do worker bees give 
up reproduction and work for their 
colonies? Is this not contrary to the 
theory of natural selection? To explain 
this behaviour, W. D. Hamilton deve¬ 
loped the concept of inclusive fitness and 
showed that aiding close genetic rela¬ 
tives is analogous to leaving behind 
one’s own offspring! 

In the insect order Hymenoptera, 
which contains most of the social insects 
(termites, ants, bees and wasps), a 
peculiar genetic system known as haplo- 
diploidy makes full sisters more closely 
related to each other that what a female 
would be to her offspring. In other 
words, a full sister is genetically equi¬ 
valent to one and a half offspring! Do 
hymenopteran females then become 
workers so often because it is more 
advantageous to the species to rear 
siblings than raise one’s own offspring? 
The answer to this question has not 
been easy to come by. First, hymeno¬ 
pteran females are less related to their 
brothers than to their offspring so that 
the advantage in raising full sisters is 
cancelled out by the disadvantage in 
rearing brothers. This problem can be 
overcome in principle if more sisters 
and fewer brothers are reared. Secondly, 
not all sisters available to a worker are 
full sisters because the queens often 
mate with several males and produce 
different patrilines of daughters. Whether 
rearing siblings will be more advanta¬ 
geous than rearing offspring will thus 
depend on the average relatedness 
between a worker and her sisters. Such 
values of genetic relatedness among 
sisters have now been determined for 
several species of Hymenoptera. 

On page 374 Raghavendra Gadagkar 
shows that the observed levels of genetic 
relatedness among sisters are, in most 
cases, by themselves insufficient to make 
the rearing of siblings more advanta¬ 
geous than rearing offspring. Assuming 


that workers can adjust the ratio of 
investment between sisters and brothers 
to a level that is optimal for them, he 
shows that the value of genetic related¬ 
ness among sisters should cross a 
threshold value of 0.604 for sib-rearing 
to become advantageous. This means 
that worker bees do not seem to give up 
reproduction and work for their colonies 
merely because rearing siblings is more 
advantageous than rearing offspring! 

Falsifying food fallacies 

It is often stated that while food 
production has increased considerably 
in our country there has not been much 
improvement in the nutritional status of 
the population. Many steps have been 
taken to introduce amongst the rural 
population external intervention for 
medical care and nutrition. According 
to one view, these measures have not 
been too successful and have not 
contributed much either to the health or 
to the nutritional improvement of the 
population. 

The article on page 357 discusses the 
results of some courageous experiments 
undertaken by the well-known statisti¬ 
cian P. V. Sukhatme (with W. E. 
Edmundson) on two very difficult ques¬ 
tions: (1) whether there are approaches 
other than external intervention and 
(2) the relationship between food/energy 
intake and work efficiency amongst 
undernourished rural population. 

Mahatma Gandhi felt that external 
intervention may not be the best 
method of tackling the major problems 
of rural India. It may be much better to 
educate the people so that they realize 
the importance of doing things them¬ 
selves, Following this dictum, the 
‘Kirkatwadi experiment’ tried to bring 
home to the individual one’s responsibi¬ 
lity for one’s own well-being and that 
for one’s society. If a child is educated, 
at the right time, on the dangers of 
eating contaminated food or drinking 
polluted water, or is taught the evil 
effects of malnutrition and the methods 
of overcoming them, half the battle is 
won. 

It is easy to philosophize but extremely 
difficult to design and perform quanti¬ 
tative experiments even in one village, 
not to speak of in many; it is much 
more difficult to interpret the results 
properly. The problems associated with 
instructing children in the first principles 
of health or nutrition, in the prevention 
of dumping of garbage by the villagers 
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into the school grounds as it was not 
the property of any particular individual, 
in the building of lavatories and their 
proper use, in the capping of wells and 
chlorination of water; and the difficulties 
of choosing the parameters that indicate 
improvements in health and well-being 
are described. The statistical techniques 
used to extract some meaning out of the 
experiments have also been touched 
upon. According to the authors these 
experiments have proved that the Gan- 
dhian doctrine that education and 
societal action to change life-style for 
cleaner and healthier living produces 
much better results than just impersonal 
external intervention. 

More surprising are the results quoted 
in the study correlating energy (food) 
intake and work output in chronically 
undernourished persons. Edmundson 
(one of the authors) performed careful 
studies in Java, trying to correlate food 
intake and minute-to-minute activity of 
adult males (using sophisticated tech¬ 
niques like microcalorimetry, analysis of 
respiratory gases, etc.), and got the 
unexpected result that average work 
output per unit energy intake was much 
higher in individuals with lower energy 
intake compared to those with higher 
energy intake. Experiments in commu¬ 
nity kitchens in India where under¬ 
nourished women work seem to confirm 
this result. According to the authors a 
smaller individual uses much less energy 
for ‘maintenance’ and also can produce 
more work per unit intake (something 
that is conventionally known by haras¬ 
sed mothers of wiry babies). It is 
obvious that many more experiments 
would be necessary before these results 
are definitely accepted. 

After reading about the problems of 
health care delivery in developing coun¬ 
tries, the sophisticated methods used by 
the computer-based information system 
called ‘Eurodiabeta’ to deal with diabetic 
patients make interesting reading (see 
page 342). 

Bamboo boon, or symptom of a 
bane? 

The recent Indian success in consistently 
inducing bamboo to flower in tissue 
culture (published in Nature) received 
good notice in the international press. 
But is it good for science in India if 
Indian scientists prefer to publish their 
better work abroad? See editorial (page 
341) and pages 346-350 for a comment 
and some responses. 
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Bamboo flowers in Indian labs, but who will reap the 
benefits? 


In recent years few papers published from India have 
attracted as much attention in the international press as 
that on in vitro flowering of bamboo by R. S. Nadgauda, 
V. A. Parasharami and A. F. Mascarenhas of the 
National Chemical Laboratory (NCL), Pune (see 
Nature, 1990, 344, 335). This work has found its way 
into, beginning with The New York Times, the columns 
of Newsweek, The Economist and Guardian. (Perhaps 
the most amusing headline that appeared was in Arab 
News: ‘Indian woman gets bamboo to flower’, remind¬ 
ing us of the classical Indian woman of yore 
who has been perpetuated so often in our stone 
sculptures.) We could well be standing—to quote David 
Hanke of Cambridge—‘on the threshold of a bamboo 
revolution’. But this remarkable success has stirred up 
an old debate. V. Siddhartha writing in this issue (see 
Opinion, page 347) expresses some concern about the 
manner in which pathbreaking results of Indian science 
are reported. There are many questions raised and 
suggestions made in his note to which our scientists 
must give some thought before accepting or rejecting 
them. Siddhartha’s note was sent to Mascarenhas and a 
few other scientists, and to some science administrators. 
Some of the responses are also published. 

Some of the more important issues are listed below: 

(i) When Madame Curie and C. V. Raman were asked 
why they did not patent their discoveries, they replied 
that the thought never occurred to them; further 
restricting scientific knowledge in any manner was 
abhorrent to them. Is this the view Indian scientists 
should take now? 

(ii) Indian science has grown and matured. Applications 
will necessarily be forthcoming". If discoveries are 
published in journals, patenting them afterwards would 
present many problems. On the other hand, recognized 
journals refuse to publish papers that do not include all 
relevant scientific details. In India procedures for 
obtaining Indian or international patents seem to be 
rather complicated. 


(iii) The Government has been quite generous in 
promoting science in India. Now it is becoming aware 
that there are possibilities of returns. Would (or should) 
Government take steps to protect its investments? 
Before this happens should (or would) our scientists 
arrive at a consensus on this issue so that any action 
taken will not hurt or affect the progress of science in 
India? 

(iv) Many Indian scientists are not conscious of the 
developmental, economic and commercial implications 
of their work. On the other hand, Western groups seem 
to be aware of the intrinsic capability of Indian 
scientists (as evidenced by the keenness of their 
commercial firms to start research laboratories in 
India). Is there any need for Indian scientists to take 
note of this? 

(v) Recognition and publicity have come in a big way 
because the NCL work was published first in Nature, 
one of the most reputed journals. On the other hand, 
similar work presented at the Third International 
Bamboo Workshop in Cochin in November 1988 where 
some of our better scientists in this field were present 
got no notice at all. Does this imply that our scientists 
do not (or will not) discern important work when 
reported in India? 

(vi) Was the editorial in Pramana (see page 348) 
written almost two decades ago valid then? Does it 
have any meaning now? 

(vii) Another development has been pointed out in 
Siddhartha’s article. Readers of Current Science may 
remember that Indian scientists overwhelmingly favou¬ 
red reprinting of foreign journals in India (see Current 
Science, 1990, 59, 8). If, 'as a few already available 
Indian editions do, these Indian ‘reprints’ also have 
‘joint’ editorial boards in which the names of senior 
Indian scientists and science administrators are in¬ 
cluded, will it mean that these journals will contain 
material not in their original editions? If so, is this good 
or bad for Indian science? 
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Eurodiabeta: Information technology in health care 


Myriad are the ways in which inform¬ 
ation technology is changing the way we 
live and work. While the tremendous 
impact advances in computer and 
communication technologies have had 
on the way more and more people rur 
their homes and offices not only in the 
advanced countries but also in the 
affluent sections of the developing world 
is well known, the role information 
technology can play in specialized 
professional fields such as health care 
delivery is not so widely recognized. 

In what could prove to be the 
beginning of a great revolution, com¬ 
puters are now being introduced into 
clinical practice. Several institudons— 
including hospitals, universities and 
industries—^from six European countries 
have jointly established a Europe-wide 
scheme aimed at improving the care of 
people with diabetes, which afflicts 6.5 
million Europeans and over 100 million 
people worldwide. Launched on 10 
January 1990 at London’s St Thomas 
hospital, the programme, called Euro¬ 
diabeta, brings together physicians, 
scientists and software engineers from 
15 centres under the European Commi¬ 
ssion’s Advanced Informatics in Medicine 
initiative. 

The heart of the new programme is a 
computer-based information system which 
will allow general practitioners and 
nurses instant access to specialist know¬ 
ledge on how to manage the patients. 
Details of the condition and each 
patient’s history and treatment routine 
will form part of the information system 
that can be accessed through the 
Europe-wide computer network by doc¬ 
tors and nurses. 


Patients themselves would eventually 
be feeding data about their condition 
directly into the system, through hand¬ 
held recorders, and in turn receive 
advice on diet and other areas of 
lifestyle. 

The idea behind Eurodiabeta is to 
provide effective care at the appropriate 
level—at the patient’s home, GP’s 
clinics and hospitals—and reduce the 
necessity for specialist referrals. That 
way not only would the patients benefit 
but the overall expenditure on their 
treatment and care can be reduced. 
Besides, there are not enough specialists 
to go around. According to St Thomas 
Hospital’s Prof. Peter H. Sonksen, a key 
actor in the Eurodiabeta project, com¬ 
puterized knowledge and decision sup¬ 
port about diabetes, linked to inform¬ 
ation about each patient, would help 
general practitioners ‘practice medicine 
at a much higher level’. 

When the new system becomes fully 
operational, say in the next three or 
four years, scientists at St Thomas 
Hospital expect that half of the 5000 
diabetes-related amputations that take 
place in Britain each year could be 
prevented, bringing an annual saving of 
more than £200 million. Other severe 
complications, including liver failure, 
blindness and premature death among 
victims, cound also be curtailed to a 
great extent, they say. 

Although diabetes has been chosen to 
demonstrate the concept, similar infor¬ 
mation systems could be created to deal 
with cancer, renal failure, blood pressure 
disorders, heart diseases and other 
chronic diseases. 

India—^with her crowded hospitals, 


overworked doctors and a pathetically 
low physician-to-patients ratio—can sur¬ 
ely benefit from the introduction of 
information technology-based progra¬ 
mmes in health care delivery. To begin 
with, the Indian Council of Medical 
Research, the National Informatics Cen¬ 
tre and possibly the Department of 
Biotechnology may commission a pilot 
study. 

These are easier said than done. 
Even in the traditional areas where 
information technology came on in a 
big way in the West—such as information 
retrieval by scientists—we have been 
rather slow. In addition, none of 
the initiatives taken so far—the batch¬ 
mode service offered by INSDOC, the 
UGC-backed service run by the Indian 
Institute of Science, and the NIC-ICMR 
Biomedical Information Service—is being 
used to anywhere near the optimal level, 
let alone these services being cost- 
effective. (Incidentally, this pathological 
indifference to information and the 
consequent inability of a majority of 
Indian scientists to garner and use 
relevant information from the far corners 
of the world are at the root of much of 
our science being mediocre.) 

It is all the more reason then we 
should not hope for quick results when 
we eventually decide and go in for a 
sophisticated information system as an 
integral part of health care delivery in 
India. 


Subbiah Arunachalam, Publications and 
Information Directorate, CSIR, New 
Delhi. 


Entomology research in India: Thrust areas for 
the future 


A seminar on the above theme was held 
on 5 March 1990, at the Entomology 
Research Institute, Madras. It was 
attended by several experts in diverse 
fields of entomology, for purposes of 
making a critical assessment of the 
future trends of entomological research 
and identify thrust areas. Dr M. S. 


Swaminathan, delivering the keynote 
address emphasized the need for involve¬ 
ment of meteorology in entomology, 
more particularly in predicting pest 
outbreaks and integration of this in¬ 
formation in terms of the number of 
multiple crop rotation programmes. 
Linkage between entomologists and 


nutritionists and also the involvement of 
the genetic engineering, biotechnology, 
biochemistry in today’s entomological 
studies were also suggested by him. 

In his presidential address Dr S. 
Ramachandran, Secretary, Department 
of Biotechnology, New Delhi, highlighted 
the necessity of involving molecular 
biological tools in entomological studies 
such as transmembrane signalling, mole¬ 
cular level interactions of cell surfaces 
and also emphasized the need for deve- 
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loping cost effective production techno¬ 
logies. He also indicated the need for an 
integrated approach to entomological 
studies involving ecologically more bal¬ 
anced and environmentally sustainable 
agents in insect control. 

Shri T. N. Seshan, Member, Planning 
Commission (Science), delivering the 
inaugural address highlighted the mana¬ 
gement issues of scientific problems 
involving integration of science and 
industry, identifying areas of importance 
that brings economic upsurge to the 
country such as dry land management, 
food grain and oil-seed production. 

Dr T. N. Ananthakrishnan, Director, 
Entomology Research Institute, out¬ 
lining the objectives of the seminar 
emphasized the need for an integrated 
approach to problems involving a 
number of disciplines and indicated that 
aspects such as chemical ecology, insect 
immunogenetics, insect enzyme systems, 
sensory physiology, bioenergetics and 
rhizosphere entomology to be the front 
line areas and that integrated pest 
management should serve as the meeting 
ground for both basic and applied 
entomologists. He also indicated that, 
for effective management and increased 
productivity this link-up through the 
involvement of co-ordinated programmes 
between basic and applied entomologists 
is very essential. 

Dr A. K. Raheja, Assistant Director 
General (Entomology and Plant Protec¬ 
tion), Indian Council of Agricultural 
Research, highlighted the potential areas 
of research in plant protection such as 
the promotion of integrated pest manage¬ 
ment concept to be extended to all major 
crop plants, the survey, surveillance and 
monitoring of forecasting systems, appli¬ 
cation of biotechnological methods for 
pest and disease management as well as 
a natural screening facility for germ- 
plasms. 

Prof. S. Jayaraj, Vice-Chancellor, Tamil 
Nadu Agricultural University, laid stress 
on ecologically sound and economically 
viable programmes in I PM and indicated 
the role of semiochemicals, polygenic 
resistance studies, effect of environment 
on resistance, identification of suitable 
idiotypes, proper survey and selection of 
strains of plants that are genetically 
stable as being significant areas in future 
research. Areas like insect genetic studies, 
insect endocrinology, various mass cul¬ 
turing methods, transgenic plant variety 
production, cellfusion techniques to 


mention some of the more relevant areas 
deserve to be energized, he said. 

Dr P. S. Ramakrishnan, Jawaharlal 
Nehru University, New Delhi, discussing 
about the significance of studies on 
biological diversity of insects highlighted 
the need for an analysis of diversities in 
intact and disturbed ecosystems, more 
notably the diversity of insects and edge 
effects in disturbed ecosystems. Morta¬ 
lity/natality and population dynamics of 
insects in fragmented ecosystems as well 
as population dynamics and forest 
succession in relation to insect popula¬ 
tions were emphasized. 

Prof R. S. Prasad, University of 
Kerala, Trivandrum, laid stress on 
microanalytical techniques in a study of 
vector biology, vector metabolism and 
vector efficiency in relation to blood¬ 
sucking insects and vector probing on a 
host sensitized/immunized to vector 
secretions of pathogens. The role of 
lectins in defense mechanisms and their 
dual role in agglutination of micro¬ 
organisms helping in encapsulation and 
upsetting of normal multiplication. 

In the discussion session that followed, 
experts from different areas of entomo¬ 
logical research reviewed and highlighted 
the following thrust areas: 

1. Chemosensory research involving 
the importance of visual, olfactory and 
mechanosensory inputs in regulating 
insect behaviour particularly feeding, 
involving receptor specificity analysis 
through the use of the Clectroantehno- 
gram. 

2. Chemical ecology of the insects 
involving age-correlated biochemistry of 
host plants including their role of 
secondary plant substances to enable a 
proper understanding of allelochemics. 
The role of tri-trophic interactions in 
insect control to be highlighted. 

3. Enzymes involved in the metabolism 
of plant allelochemics such as mixed 
function oxidases activity in ‘generalists' 
and ‘specialists’ insects in relation to 
host specificity and enzymatic adapta¬ 
tions of phytophagous insects to phyto¬ 
chemicals. 

4. Ecobehavioural, biochemical and 
genetic aspects of biosystematics of 
insects enabling identification of biotypes 
and other polymorphs; the role of aquatic 
entomology in deciding the trophic level 
of freshwater ecosystems. 

5. Insect neurobiology, hormonal in¬ 
teractions based on isolation of mono¬ 


clonal antibodies, genetic control of 
hormonal metabolism, role of prosta¬ 
glandins as well as studies on eedy- 
steroids, antijuvenile agents and recombi¬ 
nant DNA techniques in neurobiological 
studies of insects. Recognition of anti¬ 
peptides in the suppression of neuro¬ 
hormones. 

6. Hybrid stability of Trichogramma 
and other biocontrol agents, detailed 
biosystematic studies on predators and 
parasites, exotic inputs into biocontrol 
programmes and environmental manage¬ 
ment of natural enemies, utilization of 
entomophilous nematodes and weed 
control. 

7. Development of mathematical 
models to predict population dynamics 
of major pests of agriculture and forests 
based on extensive data such as weather, 
Hushing and infestation incidence over 
represented sites across the country. 
Identification of the key factors involved 
in the insect infestation of the forest 
trees, to simulate and predict the course 
of population as a consequence of 
habitat management/other human in¬ 
puts. 

8. Search for new strains and UV- 
resistant pathogens, computability of 
host plant resistance to microbes, as 
well as studies on differential sustain¬ 
ability of insects to viruses like Baculo- 
viruses and Bt toxin receptor affinity. 
Development of methods of mass produc¬ 
tion of species such as those of the leak 
defoliator NPV and utilization of effective 
population management to undertake 
multilocation studies including the testing 
of NPV as an integrated approach. 

9. Effects of natural products such as 
azadirachtin on insect development in 
an attempt to produce more safer and 
efficient needs of pest control. 

10. Indepth studies in the bioenergetics 
of carnivorous insects, parasitoids, polli¬ 
nating and foraging insects, studies on 
critical energy ratio and energy budgets. 

Summing up Prof. T. N. Anantha¬ 
krishnan indicated that for effective 
implementation of these thrust area 
programmes, there is a need for active 
involvement of the agricultural univer¬ 
sities and traditional universities/col¬ 
leges so that a meaningful integration of 
the factors involved in insect pest 
management assumes real significance. 

T. N. Ananthakrishnan, Director, Ento¬ 
mology Research Institute, Loyala Col¬ 
lege, Madras 600 034. 
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RESEARCH NEWS 


2D IR: A new dimension to infrared spectroscopy 


Soumyadeb Ghosh 

A novel analytical technique, called two- 
dimensional infrared spectroscopy (2D 
IR)\ is based on principles similar to 
two-dimensional nuclear magnetic reso¬ 
nance spectroscopy (2D NMR)^. In 2D 
IR, vibrational spectroscopy is used to 
probe the reorientation of the electric 
dipole moments associated with the 
vibration of the bonded atoms in a 
perturbed system. 

In conventional infrared spectroscopy, 
absorption of infrared radiation at 
different frequencies, by a sample, is 
recorded. The intensity of the absorp¬ 
tion at a certain frequency, by a 
molecule (or part of a molecule), is 
dependent on, among other factors, its 
orientation with respect to the oscil¬ 
lating electric field of the exciting 
electromagnetic radiation. In general, 
molecules in a sample are randomly 
oriented giving an average intensity of 
absorption of radiation. However, the 
molecules can be oriented in a particular 
direction by applying perturbations 
such as external electric fields, strain 
(deformation), etc. 

In the 2D IR experiment, reported by 
Noda, a sinusoidally oscillating tensile 
strain (of amplitude 0.1% and frequency 
23 Hz) is applied to the solid sample as 
the perturbation. This makes the bonds 
in the molecules change their orienta¬ 
tion (relax) continuously. Each bond 
relaxes at its own characteristic rate. 
The intensities of absorption at each 
frequency are recorded at two particular 
values of strain on the sample. This 
gives information about the rate at 
which the different parts of the mole¬ 
cules or the molecules themselves (i.e. 
the groups in the sample that are 
absorbing radiation of corresponding 
frequencies) in the sample change their 
orientations with the changing strain. 
So, from the rate of change in intensity 
of absorption, the rate of change in the 
orientation of bonds in the molecules 
can be obtained. 

The principle and the experimental 
set-up of thi^ technique are based on the 
technique used for dynamic infrared 
linear dichroism^ (dependence of absorp¬ 
tion intensity on the direction of 
orientation of molecules). However, the 


most interesting part of the technique is 
processing of the recorded data by 
correlating the rates of change in the 
absorption intensity at different fre¬ 
quencies of radiation. If the absorption 
intensities at two particular frequencies 
change at the same rate, this indicates 
that the origin of the absorptions at the 
two frequencies is from the same part of 
a molecule or from two different parts 
that are bonded in such a manner that 
they relax at the same rate on changing 
the strain. 

The intensities of absorption at dif¬ 
ferent frequencies are connected quanti¬ 
tatively by using correlation functions. 
Synchronous 2D IR correlation inten¬ 
sity, a function of the absorption 
intensities at two frequencies measured 
at two different values of strain, is 
generated from the data. This quantity 
will have a higher value if the changes 
in the absorption intensities corres¬ 
ponding to the two frequencies are 
synchronized. This correlation intensity 
is plotted in a three-dimensional contour 
map over a spectral plane defined by 
two independent wave number (or 
frequency) axes. A typical spectrum is 
shown in Figure 1, which is a contour 
map representation of the synchronous 
2D IR correlation spectrum for a 
mixture of polystyrene and polyethylene, 
the system used in Noda’s experiment. 
A similar quantity known as the 
asynchronous correlation intensity can 
be generated and plotted to indicate the 
frequencies whose relaxation of absorp¬ 
tion intensities are not synchronized. 

From Figure 1 we can see that the 
synchronous correlation intensity cor¬ 
responding to the frequencies 1495 and 
1454 cmis high. This is expected as 
both the frequencies correspond to the 
phenyl rings of the polystyrene and so 
their absorption intensity relaxation is 
synchronized. On the other hand, the 
frequencies 1459 and 1454 cm” ^ give 
high values of the asynchronous corre¬ 
lation intensity. This is because the 
1459 cm absorption is due to the 
CH 2 groups of the polystyrene chain 
backbone, which reorient at a different 
rate compared to the phenyl rings on 
perturbation. The frequencies corres- 


1495 



Wavenumber, Vj 


' Figure 1. Contour map representation of 
the synchronous 2D IR spectrum of a 
mixture of polystyrene and polyethylene. 
The conventional absorption spectra are 
shown at the top and the side of the map. 
(Adapted from figure 3 of ref. I.) 


ponding to the polyethylene chain (1475 
and 1466 cm"*) have high asynchronous 
intensity when correlated with a fre¬ 
quency corresponding to the polystyrene 
(1495 or 1454 cm"*), showing that the 
two polymers in the mixture are segre¬ 
gated at the molecular level. 

Although, in this first report of the 
new concept of 2D IR, a comparatively 
simple system has been considered, with 
the availability of sophisticated techno¬ 
logies and computational facilities it is 
hoped that this novel concept will 
mature into a powerful analytical tool. 
It is expected to be useful for assignment 
of vibrational peaks of complicated 
systems, such as biological molecules, in 
studies of the interaction between the 
different components in solid solutions, 
and in determination of the structure 
and conformation of molecules. 


1. Noda, I., J. Am, Chem. Soc., 1989, 111, 
8116. 

2. Turner, D. L., Prog. Nucl. Magn. Reson. 
Spectrosc., 1985, 17, 281. 

3. Noda, I., Dowrey, A. E. and Marcott, C., 
Appi Spectrosc., 1989, 42, 203; Noda, I., 
Dowrey, A. E., Marcott, C., J. Polym, Sci. 
Polym. Lett. Ed., 1983, 21, 99. 


Soumyadeb Ghosh is in the Department 
of Inorganic and Physical Chemistry, 
Indian Institute of Science, Bangalore 
560 012. 
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The lac repressor 

P. Balaram 

The lac repressor has passed into the 
folklore of molecular biology. Introduced 
in 1961 as a theoretical construct by 
Francois Jacob and Jacques Monod^ in 
their classic paper entitled ‘Genetic 
regulatory mechanisms in the synthesis 
of proteins', the lac repressor was a key 
element in the control of genes (lac 
operon), which dictate the synthesis of 
proteins responsible for the metabolism 
of lactose in E. coli. Repressors were 
conceived as elements which bound to 
specific regions of DNA called operators 
and in their complexed form, inhibited 
transcription (i.e. mRNA synthesis). 
Inducers were the other element in the 
Jacob“Monod scenario, which when 
added displaced the repressor and thus 
‘turned on' genes, leading to enhanced 
protein synthesis. In the early 1960s the 
molecular identity of the lac repressor 
was unknown, until the remarkable 
success of Benno Muller-Hill and Walter 
Gilbert" in isolating a protein that was 
indeed the repressor. This achievement 
is all the more spectacular in retrospect, 
when one realizes that a typical E. coli 
cell probably contains only 10 to 20 
molecules of the repressor*\ The context 
in which the hunt for the repressor 
began is described by Miiller-HilF: ‘... 
we read Monod's Comptes Remdus 
paper*'^ right after it came out. 1 
remember well the discussion that 
followed in the group. Some of us loved 
the impeccable logic of it, while others 
thought it was detached from any 
reality. Wallenfels invited Monod to 
give two lectures in Freiburg at this 
time, providing the chance to see and 
hear the impressive man. “Nature works 
in a Cartesian and not in a Hegelian 
manner", he began his lecture. I doubted 
that, but was not the repressor a 
wonderful problem?' 


and a feeling of deja ru 


Over the years the playing fields of 
gene regulation have shifted from pro¬ 
karyotes to eukaryotes and the lac 
repressor has taken its rightful place in 
textbooks of molecular biology. A fall 
out of recombinant DNA research has 
been the use of the "lac promoter’ (and 
variants) as a switch in front of cloned 
genes in bacterial plasmids. Addition of 
inducers, pre-eminent among these is 
isopropylthio-/i-D-galactoside (IPTG), 
leads to enhanced gene expression and 
synthesis of proteins of interest. Inducers 
and promoters (and by implication, 
repressors) are thus central to the 
controlled expression of foreign genes in 
bacteria. Now, several years after its 
isolation and canonization in molecular 
biology's hall of fame, comes a report 
on the crystallization of the lac repressor^’. 
Most appropriately, single crystals of a 
complex with a 16-base pair operator 
nucleotide have been obtained. While 
the repressor crystals diffract to better 
than 3.5 A, the crystals of the complex 
do so only to 6.5 A. But what is really 
intriguing is that Pace et al observe that 
soaking the crystals of the repressor 
operator complex in a solution containing 
the inducer IPTG, results in cracking. 
This leads inexorably to the speculation, 
so beloved by all biochemists, biophy¬ 
sicists and molecular biologists, of a 
‘conformational or structural change’ on 
interaction of the inducer with the 
repressor-operator complex. The lac 
repressor is a tetrameric protein with 
four identical subunits, each consisting of 
360 amino acids. Over a quarter century 
ago Monod et a\? anticipated allostery 
in the repressor, by analogy with 
haemoglobin. Pace et al. in their recent 
paper^ draw attention to the observations 
of Perutz® that the cracking of deoxy- 
haemoglobin crystals on introduction of 


oxygen was due to a structural difference 
between the two forms of the molecule. 
Soon we will undoubtedly learn about 
the molecular details of the complex 
and in the not too distant future, 
further details on the effects of the 
inducer. Where does all this molecular 
reductionism lead us? For an interesting 
view we must turn again to Benno 
Muller-Hill (and Monod): ‘One day, late 
in the afternoon, I saw Monod standing 
in the door. “Hello" he said. “Hello" I 
answered. And then he simply said 
“Benno, after all it was pedestrian”, 
bowed and disappeared, leaving me 
baffled for a long time. Now, many 
years later, I like to interpret his 
comment as “slow, down to earth, with 
only a few technical crutches" and think 
it was, after all, a compliment.’ 


1. .lacob, F. and Monod, .1., Mol. Biol., 
1961, 3, 318. 

2. Gilbert, W. and Muller-Hill, B., Proc. 
Nail. Acad Sci. USA, 1966, 56, 1891. 

3. Watson, .1. D., Hopkins, N. H., Roberts, 
J. W., Steilz, .1. A. and Weiner, A. M., 
Molecular Biolociy of the Gene, 4th edn, 
1987, vol. I, p. 469. ‘ 

4. Muller-Hill, B., Bioe.ssay.s, 1990, 1 12, 41. 

5. .laeob, F., Perrin, D., Sanchez, C. and 
Monod, .1., C. R. Hchd Sceance Acad. Sci. 
Paris, 1960, 250, 1727. 

6. Pace, H. C, Lu, P. and Lewis, M., Proc. 
Natl. Acad. Sci. USA, 1990, 87, 1870. 

7. Monod, J., Changeux, J, -P. and Jacob, ¥., 
J. Mol. Biol., 1963, 5, 306. 

8. Perutz, M. F., Bolton, W., Diamond, R., 
Muirhead, H. and Watson, H. C, Nature, 
1964, 203, 687. 


P. Balaram is in the Molecular Biophysics 
Unit, Indian Institute of Science, 
Bancjalore 560 012 


CURRENT SCIENCE, VOL. 59, NO. 7, 10 APRIL 1990 


345 




OPINION 


The bamboo breakthrough, and the import of 
India’s publication export 

The publication in Nature by Nadgauda, Parasharami and Mascarenhas of the National Chemical 
Laboratory (NCL) in Pune of their success in consistently obtaining flowering of bamboo in tissue 
culture has renewed the old debate on Indian scientists’ predilection for publishing their better work 
abroad. It has also brought up the question of patent protection of economically beneficial 
discoveries. 


The breakthrough 

Bamboo, celebrated as the High Empe¬ 
ror of all the Grasses,, is a remarkable 
plant. Among the several hundred 
species are those whose hollow stems 
reach a height of 40 metres, are 30 cm in 
diameter, and emerge from the soil at 
4 cm per hour. Individual stems, or 
culms, in a clump of bamboo usually 
die in their third season and are 
replaced by stems from underground 
rhizomes. The most remarkable features 
of bamboos are that this vegetative 
phase, in which no flowering occurs, is 
prolonged in most species, as much as 
15, 30 or even 120 years, and that most 
bamboos are also monocarpic, i.e. they 
flower only once in their lifetime. All 
populations from the same seed flower 
together—irrespective of what stage of 
growth a stem has reached—, set seed 
together, and die together. 

Bamboo is of great economic impor¬ 
tance as structural raw material, fodder, 
and source of fibre for paper manufac¬ 
ture. It is also the food of the Chinese 
giant panda, which is threatened with 
extinction. On account of the very long 
vegetative phase in most species, breed¬ 
ing for improved varieties, generation of 
hybrids, and maintaining a perennial 
supply of seed are almost impossible. It 
is important to note that intergeneric 
hybrids were produced in bamboo for 
the first time by Guangzhu and Fuqiu^ 
While this is indeed a major advance, 
on account of the prevalance of poly¬ 
ploidy and barriers to crossability, the 
method is not going to be easy. But if 
plants can be grown in culture and 
induced to flower, the first step towards 
a potential revolution in bamboo would 
have been taken. 

Somatic embryogenesis and regenera¬ 
tion of bamboo plants in culture were 
achieved some years ago. In vitro 
flowering of bamboo was reported for 


the first time by I. Usha Rao and I. V. 
Ramanuja Rao^ of the Department of 
Botany, University of Delhi, in a paper 
(see abstract) presented by them at the 
Third International Bamboo Workshop 
held in Cochin in November 1988. Rao 
and Rao reported that somatic embryos 
developing from vegetative tissues, as 
opposed to zygotic embryos, of Dendro- 
calamus strictus and Bamhusa arundinacea 
could be induced to flower within 8-10 
weeks of culture. They suggested that by 
using this method bamboo hybrids 
could be produced. Now, R. S. Nad¬ 
gauda, V. A. Parasharami and A. F. 
Mascarenhas^ of the National Che¬ 
mical Laboratory, Pune, have succeeded 
in consistently inducing flowering in 
tissue-cultured Bambusa arundinacea and 
Dendrocalamus brandisii (see abstract). 

The work of Rao and Rao differs 
from that of Nadgauda et ai in two 
important respects. In the former in¬ 
stance, somatic embryos differentiated 
in tissue culture were induced to flower. 
In the latter case nodal explants of in- 
vitro-rahQd seedlings were used. The 
NCL group has also mentioned the 
possibility of maintaining an inflore¬ 
scence culture, and observed seed set 
and obtained normal seeds. 

In vitro flowering of bamboo has 
important implications for the genetic 
improvement of bamboos, which are a 
crucial renewable plant resource in 
India. It offers possibilities of interspecific 
and intergeneric hybridization within 
the laboratory in a short time-frame, 
and the opportunity of going further in 
finding answers to the fascinating bio¬ 
logical questions in bamboo. 


1. Guangzhu, Z. and Fuqiu, C., in Recent 
Research on Bamboos (eds. Rao, A. N., 
Dhanarajan, G. and Sastry, S. B.), 1987, 
The Chinese Academy of Forestry and 
International Development Research 
Centre, Canada. 

2. Rao, I. V. Ramanuja and Rao, I. Usha, 


Tissue-culture approaches to the mass 
propagation and genetic improvement of 
bamboos’, paper presented at the Third 
International Bamboo Workshop, Co¬ 
chin, India, 14 -18 November 1988. 

3. Nadgauda, R. S., Parasharami, V. A. and 
Mascarenhas, A. F., Nature, 1990, 344, 
335. See also Hanke, David, Nature, 
1990, 344, 291 (‘News and views’ article). 


Abstract of Rao and Rao 

Bamboo is a critical natural resource 
which has not easily lent itself to modern 
methods of mass propagation and gene¬ 
tic improvement owing to its long vegeta¬ 
tive phase and monocarpic flowering 
behaviour. Methods have now been 
standardized to produce plants of Den¬ 
drocalamus strictus and Bambusa arun¬ 
dinacea through somatic embryogenesis 
from inflorescences and embryos, and 
from rhizomes, nodes and leaf sheaths of 
juvenile plants. Multiple shoots have been 
induced from nodes explanted from 
seedlings, and plants have been raised 
from them through rooting. Plantlets have 
also been obtained from nodes of mature 
plants, although only 10 per cent of them 
form roots. Methods for precocious induc¬ 
tion of rhizomes have also been devel¬ 
oped to accelerate plantlet growth in the 
field. 

Using conventional breeding methods, 
genetic improvement of the woody 
bamboos is not possible because of the 
near impossibility of getting two desirable 
parents to flower simultaneously. Using 
tissue culture methods, in vitro flowering 
of somatic embryos has been achieved 
both in D. strictus and B. arundinacea 
within 8-10 weeks of in vitro culture. 
Using this method bamboo hybrids can 
be produced. A method of clonal marking 
has been initiated by which tissue-culture 
clones that prove superior in the field can 
be selectively mass-propagated. Proto¬ 
plasts have been successfully isolated 
from juvenile and embryogenic tissues of 
D. strictus. This opens up the possibility of 
successfully obtaining newer variants and 
somatic hybrids. Somaclonal variants 
have also been isolated and are being 
assessed as sources of desirable charac¬ 
ters. 
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Abstract of Nadgauda et al. 

Bamboo flowers only once during its 
lifetime, dying at the end of its first fruiting 
season. This monocarpic flowering is 
intriguing not only in that it occurs after a 
lapse of 12 to 120 years, but because it is 
'gregarious’, local populations of bamboo 
flowering together and then dying. New 
bamboo plants are produced either by 
vegetative subdivision or from seed. 
Breeding of bamboo, however, has 
proved to be extremely difficult: seed 
production depends on unpredictable 
circumstances and events, and the basis 
of gregarious flowering, and the causes 
of death and flowering, are not known. 
Flowering in vitro has previously been 
studied by culturing explants of stem tips, 
mature stems, roots, petioles, leaves, 
inflorescences, flowers and so on. Al¬ 
though bamboo plantlets have been 
formed by means of organogenesis and 
embryogenesis, in vitro flowering has not 
previously been reported for bamboo. We 
now report on an in vitro system in which 
we could consistently induce flowering in 
the two species of bamboo Bambusa 
arundinacea Willd and Dendrocalamus 
brandisii Kurz. Inflorescence explants 
containing a panicle of spikelets gave rise 
to several viable inflorescences on sub¬ 
culture: fertile seeds were also produced. 
Further refinements to this system could 
lead to the introduction of breeding 
programmes to improve bamboo, and to 
the production of perennial seeds for 
bamboo, as well as to a better under¬ 
standing of the physiology underlying 
flowering behaviour in bamboo. 


Extract from news item in The 
Times: 

.. . Now a group of researchers working 
with Dr A. F. Mascarenhas, at the National 
Chemical Laboratory, in Pune, India, with 
help from scientists at Wye College, 
London University, have shown in the 
laboratory greenhouse how to break this 
extraordinary cycle and make bamboo 
flower to order. . .. 


Papers, journals and the press, and Indian science 


V. Siddhartha 

On April 10 last, The Statesman carried 
a prominently displayed item. Under 
the copy headline ‘Making the bamboo 
bloom’, it was a story about some novel, 
pathbreaking work done at our National 
Chemical Laboratory (NCL) in Pune. 
The item was a reproduction of a piece 
which appeared in The Times of London, 
written by a certain Pearce Wright. 
(Those familiar with The Statesman will 
know that verbatim reproductions from 
The Times are a regular feature in it.) 
Annexed is an extract from the article 
[see below]. 

Notice the phrase ‘with help from 
scientists at Wye College, London 
University’. Intrigued, I read the original 
paper in Nature. It turns out that the 
‘Wye College scientists’ have been corre¬ 
ctly acknowledged in the standard 
courtesy way. They are not cited 
authors, let alone co-researches. Intri¬ 
gued further, I made enquiries. I was 
informed that the NCL team sought 
and received from Wye advice on how 
to format the paper for Natural (NCL 
has apparently other collaborative work 
with Wye, but not on bamboo.) 

I made further enquiries and learnt 
with dismay that the paper had been 
sent for publication to Nature without 
professional advice having been first 
sought regarding the patentability (or 
other statutory protection being accor¬ 
ded) to the technique reported in the 
paper. I would not be surprised if a 
foreign company commercializes the 
technique and an Indian company 
thereafter applies, and is granted, ‘foreign 
collaboration’ with that company for 
commercial exploitation of the technique 
even in India, not to say abroad. 

I believe these raise important issues 
with regard to reporting and publicizing 
the results of scientific work performed 
in our country. In outline, these issues 
are: 

(i) The primary purpose of scientific 
journals is quality control. It is only 
secondarily communication. This raison 
d'etre of the Indian scientific journal 
was eloquently expressed in the first 
issue of Pramana [see below]. The 
quality, integrity, impact and health of 
Indian science can be regularly and 
consistently, even if incrementally, im¬ 
proved only if papers of this quality and 
importance are published in an Indian 


journal first. Short notices may be 
published in international fast-reaction 
journals but complete papers must 
appear only in Indian journals. Further¬ 
more, The Times type of press notices, 
with barely disguised, supercilious 
racism, reproduced ditto in the English- 
language Indian press, are bound to 
appear if we rely on foreign peer review, 
which is inevitable if we publish abroad. 
If the above publishing practice is not 
self-imposed voluntarily by the scientific 
community, should we be surprised if 
there is public and parliamentary pres¬ 
sure to arrange for such compliance by 
making it a ‘conduct rule’ for all 
scientists paid out of the public purse? 
Whatever the scientific community might 
think of the wisdom of such a require¬ 
ment, administratively such a rule 
would be valid. 

(ii) I submit that the situation would be 
worsened by so-called Indian editions of 
foreign journals, particularly if such 
editions have mixed Indian-foreign edi¬ 
torial boards different from those of the 
parent editions. Thus, part of another 
article on 10 April 1992 by Sally Wong 
in The Times of London (dutifully 
reproduced ditto in The Statesman a few 
days later) might read: ‘Although carried 
in the local Indian edition of the Inter¬ 
national Journal of Grasses, experts at 
Kew Gardens point out that this alleged 
improvement on the 1990 technique is 
not in the class of what might be 
reported in the UK edition. These 
experts add that the results reported are 
more an exercise in filling the pages of a 
local broadsheet rather than a new 
contribution to the field.’ 

(iii) Press hand-outs must be very care¬ 
fully worded and made available first to 
Indian newspapers, before being flashed 
abroad. 

(iv) Competent professional advice 
should be sought by researchers regard¬ 
ing patenting and other forms of 
intellectual-property protection before 
rushing to print or otherwise bringing 
the results of their work into the public 
domain. 

V. Siddhartha is in the Secretariat of the 
Scientific Adviser to Defence Minister, 
Government of India, New Delhi. The 
views expressed here are the author's 
personal views and not of the Government 
of India. 
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R. S. Nadgauda, V. A. Parasharami and A. F. Mascarenhas reply: 


Extract from the editorial in 
Pram ana: 

. . . Serious research in the physical 
sciences may be said to have started in 
India at the turn of the century. It was 
during the twenties and thirties, the most 
remarkable years for the quality of 
research done in the country, that a 
number of Indian scientific journals came 
into being through the efforts of the great 
names that dominated Indian science at 
that time. Since then there has been an 
enormous increase in the quantity of 
research work done in India. However, the 
fashionable notion that it is more presti¬ 
gious to publish in foreign journals, and 
the consequent lowering of the quality of 
papers sent to and published in the 
existing Indian journals formed a vicious 
circle, leading to the present unsatisfactory 
situation. 

The publication in foreign journals of 
the major part of the work done in India 
today is having a deleterious effect on 
Indian science. Relegating the refereeing 
of our best scientific work leads to loss of 
judgement and self-confidence. This 
process has sapped the inner resources 
of Indian scientists and, among other 
things, has led them to follow blindly 
fashions set elsewhere in choosing fields 
of work. 

All this has caused much unrest among 
active scientists in India and led quite 
recently to a united attempt to find a 
solution, Pramana (which in Sanskrit 
means a source of valid knowledge, a 
standard, etc.) is the outcome of a 
nationwide effort by Indian physicists to 
create a vehicle for their best efforts in 
physics. The publication in it of good 
papers received from abroad can only 
add to its strength, and is most heartily 
welcomed. . .. 

S. Ramaseshan 


We appreciate the comments made by 
V, Siddhartha on our work on bamboo. 
Our response to the specific comments 
that pertain to our paper is as follows: 

(i) The work was carried out entirely at 
NCL. It was by a coincidence that one 
of us (R.S.N.) was at Wye College in the 
UK in connection with the ALIS 
programme supported by the British 
Council during 10 September 1989 to 10 
December 1989. The manuscript of this 
paper was being finalized at the time 
R.S.N. was in Wye College. The Wye 
College scientists gave suggestions about 
the improvement of the manuscript. The 
acknowledgement was a standard cour¬ 
tesy extended to them. Interestingly, this 
acknowledgement has been misinter¬ 
preted only by The Times of London, 
and all other leading international 
newspapers and journals, such as The 
New York Times, Guardian, Japan Times, 
Newsweek and New Scientist, carried no 
such misunderstanding. 

(ii) We appreciate the concern expressed 
by Siddhartha concerning the patenting 
of our work. We would like to empha¬ 
size that we belong to a laboratory that 
is extremely patent-conscious. During 
1989 alone it has filed 31 national/inter¬ 
national patents, which we dare say is 
the highest number coming from any 
single research laboratory or a unit in 
India today. We are filing patents for 
both formulation and process with the 
help of professional advice from the 
CSIR Patent Unit. We have given 
nothing by way of vital information in 
the paper which could pose difficulties 
in patent filing. 

(iii) As regards the advisability of publi¬ 
shing papers in an Indian journal and 
raising the standards of Indian journals, 


we personally do not want to express a 
view. However, we wish to emphasize 
once again that we belong to a labora¬ 
tory which believes that (a) science is 
universal, (b) choice of journal for 
publication is a fundamental right of the 
investigator, and (c) potential world- 
class breakthroughs should be published 
in world-class journals, which provide 
the toughest scrutiny of the claims. 

(iv) As regards the publicity that this 
work has received, we are simply over¬ 
whelmed. We wish to re-emphasize that 
we did not give any press release or 
hand-outs to any newspaper in India or 
abroad immediately after the publication 
of our paper. We simply treated it as a 
simple scientific paper. The fact of the 
matter is that the paper was published 
on 22 March in Nature, and the same 
issue also carried a ‘News and views' 
article. It was picked up by The New 
York Times on 22 March, The Times of 
London on 23 March, Bangkok Times 
and Japan Times on 24 March, and 
international magazines {Newsweek, New 
Scientist, etc.) and news agencies around 
the world in the following weeks. We 
must add that the first Indian newspaper 
to pick it up was Maharashtra Herald, 
which published a report on 24 March. 
They picked it up from a teleprinter 
message that was based on the New 
York Times report and not because of a 
hand-out given by us. We as a team 
were interviewed by them on their own 
initiative and this report was published 
on 25 March. We thought this should 
be clarified since there is a feeling in a 
section of the press that the news was 
given to foreign agencies first and also 
because Siddhartha makes a point 
about press hand-outs. 


The bamboo plant, Indian journals and Government orders 


P. Balaram 

The report on precocious flowering of 
bamboo in tissue culture by Nadgauda, 
Parasharami and Mascarenhas has 
attracted considerable attention and 
indeed appears to constitute a major 
advance in the area of plant breeding.. 


While most reaction has been laudatory, 
V. Siddhartha’s letter in the adjoining 
columns raises important issues regard¬ 
ing the publication of research, parti¬ 
cularly that with potential for commer¬ 
cial application. He also raises the 


spectre of unfair treatment of Indian 
findings in the Western press, bringing 
to the fore the perennial bogey of 
racism. Some of his concerns, like the 
charge of biased analysis in the popular 
press, can be dismissed without much 
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ado. After all, how often is the popular 
press in any country completely free 
from providing a local slant to any 
discovery? Have we not all read our 
own newspapers on superconductivity, 
hot and cold fusion and cancer cures? 
Have not Indian discoveries followed 
one another in blinding succession in 
these highly visible areas? The ‘News and 
views’ article in the same issue of 
Nature by David Hanke of Cambridge 
University does much to dispel 
Siddhartha’s charge of biased reporting. 
It is indeed this scholarly assessment by 
Hanke which places the Indian research 
in proper perspective and gives the 
Pune group due credit for their work. 

Siddhartha’s concern that Indian work 
should first be published in our own 
journals has been voiced before, but 
deserves serious consideration in the 
present context. What is unfortunate is 
that he has raised the spectre of 
Government orders (the GO’s so beloved 
of our bureaucracy) to compel Indian 
scientists to publish results of Govern¬ 
ment-supported research (almost all 
research in our country) in local jour¬ 
nals, Would the NCL work on bamboo 
have attracted the same attention, so 
quickly, if published in Current Science"! 
Would we (as editors) have recognized 
the importance of the paper and 
highlighted it in our News columns? 


The answer, of course, is, probably not. 
So the course chosen by the Pune 
authors is a fair one and it is to their 
credit that their paper has been publi¬ 
shed in a highly respected journal. 

Should something be done to change 
the state of affairs of Indian journals? 
Undoubtedly, the answer is, yes, but the 
improvement of the content and credi¬ 
bility of our journals is not something 
that can be accomplished overnight. 
Would Government edicts on publishing 
practices help? Past experience tells us 
that Government fiats are rarely suc¬ 
cessful, even in more pressing matters. 
Interference with the basic freedom of 
the scientific community is unlikely to 
meet with quiet compliance. Coercion is 
also unlikely to improve the quality of 
our scientific output. An insular approach 
hardly seems the path to the twenty-first 
century. Patriotism should not be based 
on paranoia. 

Siddhartha’s letter addresses the 
important issue of whether results with 
definite commercial importance should 
be protected by patents before publica¬ 
tion. It is in the interests of individuals 
and institutions to do so, but in most 
places moribund procedures often tempt 
the less pragmatic among us to take the 
easy course of publication. The Pune 
work, the public reaction it has gene¬ 
rated, and Siddhartha’s letter remind us 


that science has become an increasin¬ 
gly complex affair. It would be counter¬ 
productive to meet contemporary chal¬ 
lenges by espousing a scientific ‘Monroe 
doctrine’ as suggested by Siddhartha. 
Rather, it is incumbent on the Indian 
scientific community to improve the 
quality of our journals so as to make 
them appropriate places in which to 
publish [important] results. It is also 
imperative that Indian results must 
generate a rational, balanced assessment 
from Indian critics. Only then will we 
need to look Westward for approbation 
less often. The absence of peer groups of 
sufficient size in most disciplines is a 
serious hindrance. More distressing is 
the increasing absence of intellectually 
sound, honest judgements of science and 
the growing tendency to perpetuate 
mediocrity at all levels of our scientific 
establishments. India’s community of 
scientists has many problems to address. 
Siddhartha’s letter raises some of these 
and hints of solutions, which, although 
Draconian, may very well sound attrac¬ 
tive to Delhi. If acted upon, it would be 
yet another case of throwing the baby 
out with the bathwater. 


P. Balaram is in the Molecular Biophysics 
Unit, Indian Institute of Science, Banga- 
lore 560 012. 


Three science administrators give their personal views: 


Regarding the paper published by 
Mascarenhas and his colleagues on 
bamboo I have the following comments: 

(i) It will certainly be highly desirable to 
publish important papers of Indian 
scientists in Indian journals. However, 
this cannot be enforced. On the other 
hand, leading Indian scientists would 
have to be persuaded to publish their 
full-length publications only in Indian 
journals while they may send short 
communications of their work anywhere. 

(ii) The outstanding piece of scientific 
work carried out by Mascarenhas’ 
group at NCL has received recognition 
in India itself only after the popular 
press in the UK and the USA first high¬ 
lighted it. NCL, which has received a 
major grant from the Department of 
Biotechnology (DBT) for setting up a 
pilot plant for tissue culture-based 


woody plants (including bamboos), 
should greatly benefit from the break¬ 
through in speeding up the process of 
bamboo breeding. We wish the NCL 
and its scientists all success. 

S. Ramachandran 

Secretary, DBT 

Ministry of Science & Technology 
Government of India 
New Delhi 110 003 


I share Siddhartha’s views almost com¬ 
pletely. I do believe that there is urgent 
need for our scientific community to 
draw up and strictly apply (enforce?) a 
‘code of conduct’ of publishing papers 
first in our own scientific journals. 


I also fully share Siddhartha’s con¬ 
cerns regarding our scientific com¬ 
munity’s total failure to protect the 
patenting aspect of scientific discoveries/ 
inventions/potential inventions prior to 
publication. Through the National Re¬ 
search and Development Council’s 
(NRDC) workshops on patents and 
technology transfer in different parts of 
the country, N. K. Sharma, Managing 
Director, NRDC, and I have been 
trying to sensitize scientists in CSIR 
laboratories, Indian Institutes of Tech¬ 
nology and even in-house R&D units of 
public and private industry to this vital 
aspect. But the pressure to publish is 
deeply ingrained in our scientists. Con¬ 
sequently sensitivity to the fact that, 
when they are working on applied 
research and engineering development- 
oriented projects, the commercial dimen- 
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sion must take precedence over the 
purely scientific is very difficult to 
inculcate. I hope that Current Science 
would publish articles on the serious 
and deleterious implications of ‘publish¬ 
ing before patenting’. 

A. Parthasarathi 

Additional Secretary, DSIR 
Ministry of Science & Technology 
Government of India 
New Delhi 110 016 


Like many other scientists, my col¬ 
leagues and I in the Department of 
Science and Technology (DST) have 
also been concerned about the public¬ 
ation of research papers in Indian 
journals by Indian scientists. Since DST 
funds projects under its Science and 
Engineering Research Council (SERC) 
scheme, we felt that we may be in a 
position to cajole the Indian scientific 
community into publishing research 
findings arising out of DST-funded 
projects in identified Indian journals. 

This subject was debated at the last 
meeting of the SERC and I am enclosing 
a note on the subject [see below]. The 
final paragraph indicates the general 
support given by SERC to this pro¬ 
posal. 

Since Current Science plays an impor¬ 
tant role in sensitizing the Indian 
scientific community to science and 
technology policy issues, we feel that 
sharing this note with you may help us 
in promoting our concern amongst the 
Indian scientific community as well. 

P. J. Lavakare 

Adviser, DST 

Ministry of Science & Technology 
Government of India 
New Delhi 110 016 

Publication in Indian journals by 
Indian scientists who have DST 
projects 

Preamble 

This paper is towards developing some 


guidelines to help DST motivate Indian 
scientists to publish in Indian journals. 
The number of papers published by the 
Indian scientific community has increa¬ 
sed over the years. However, the quality 
of Indian journals has to be greatly 
improved. This is a well-known problem 
and has been discussed at various fora. 
It has also been discussed with some 
eminent senior scientists. There was 
general support to the idea that DST 
should make conscious efforts to appeal 
to the Indian scientific community, 
which is being supported through DST 
projects, to publish the outcome of their 
research in selected Indian journals. 
Hence this appeal. 

Some reasons for Indian scientists not 
publishing in Indian journals 

The reasons for a preference for publish¬ 
ing in foreign journals are well known. 
It may, however, be useful to recall the 
ones that are most frequently mentioned. 

(i) The selection/promotion criteria for 
academic positions in educational insti¬ 
tutions value ‘foreign’ publications more 
than ‘Indian’ ones. So much so, applica¬ 
tion forms for positions in many 
universities ask the applicant for the 
number of papers published in ‘Indian’ 
and ‘foreign’ journals separately. This 
forces the academic community to 
publish in foreign journals, even though 
some of these foreign journals may not 
be of very high quality and in no way 
better than some of the good Indian 
journals. 

(ii) Indian journals take a long time to 
(a) acknowledge a paper, (b) referee/ 
accept the paper, and (c) finally print the 
paper. Most of the journals also do not 
come out regularly. 

(iii) Papers published in Indian journals 
tend to go unnoticed. 

(iv) The scientific literature now has 
specialized journals for various areas in 
a particular discipline. Scientists prefer 
to publish in those because it improves 
their visibility among their peers. The 
Indian journals, on the other hand, are 
still very general. 


Possible solutions to these problems 

(i) Regarding reason (i) above, one 


could possibly adopt something similar 
to the recommendations of the Harvard 
Medical School (see Current Science, 58, 
735). We should not ask the applicant 
for the complete list of his/her publica¬ 
tions but only for his/her 5, 7, or 10 best 
publications for appointment at the 
level of lecturer, reader or professor 
respectively. These papers could then be 
scrutinized by the selection committee. 
Indian universities and research in¬ 
stitutes may consider this approach for 
implementation. 

(ii) Regarding reasons (ii), (iii) and (iv) 
above, the organizational structure of, 
at least, the journals included in Current 
Contents could be strengthened. Various 
professional bodies may ensure quality, 
regularity and wider distribution of 
Indian journals. 

(iii) Senior and established scientists in 
the field should start publishing in 
Indian journals, setting a trend for other 
scientists to follow. 

(iv) Project investigators working on 
DST- and other S&T department-spon¬ 
sored projects should publish at least 
one paper in the best relevant Indian 
journals from the work carried out in 
the projects. 

(v) All S&T agencies/departments, S&T 
institutions, educational institutions, etc. 
should implement the above guidelines 
and continually monitor them. 

The Science and Engineering Research 
Council, an expert body of scientists 
responsible for promoting newly emerg¬ 
ing and frontline areas of research, 
discussed these issues and broadly 
endorsed the suggestions. 


DST has already written to members of 
the Programme Advisory Committees 
(PACs) for the major areas of science 
and engineering, asking them to name 
Indian journals in which principal investi¬ 
gators of DST-funded projects could hej 
requested to publish at least one of their 
research papers, 

-Ed. 
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Perspectives on R&D in environmental science 
and technology in India 

P. Khanna and Nirmala Saraswat 


Emerging issues in environmental 
management 

The sociocultural roots of our present 
environmental crisis lie in the paradigms 
of scientific materialism and economic 
determinism which fail to recognize the 
physical limits imposed by ecological 
systems on economic activity. The 
economies must expand within eco¬ 
systems which have limited regenerative 
capacities. Contrary to the neoclassical 
theory of continuous material growth, 
economic activities directly undermine 
the potential for development through 
over-exploitation of natural resources, 
and indirectly compromise future produc¬ 
tion through the discharge of residuals. 
The entrenchment with quantitative 
growth as a major instrument of social 
policy is thus quite paradoxical. 

The emergence of the concept of sus¬ 
tainable development in recent years 
has brought in the general realization 
that societal perceptions must shift 
towards ecological determinism so as to 
achieve qualitative growth within the 
limits of ecosystem carrying capacity. 
Reorientation of the development process 
to take into consideration the limited 
assimilative and supportive capacities of 
regional environments is, therefore, one 
of the key issues in environmental 
management today. 

The options for environmental manage¬ 
ment include, on the one hand, reactive 
control measures and on the other, 
anticipative and preventive strategies. 
With limited budgets for environmental 
protection, the dilemma today is whether 
to rehabilitate existing environmental 
damage or allocate funds for prevention 
of future damage. Considerations of 
resource conservation and economic 
efficiency warrant the adoption, as far as 
possible, of a preventive strategy 
because reactive control measures, more 
often than not, transfer pollutants from 
one environmental medium to another 


and consume resources out of proportion 
to the accrued benefits. 

The environment provides constraints 
as well as opportunities for economic 
growth and social well-being. Environ¬ 
mental constraints are often interlinked 
with the state of technology and, accord¬ 
ingly, there is an urgent need for bringing 
about a transition towards innovative 
technologies of production that conserve 
resources with concomitant minimiza¬ 
tion of pollution thereby raising the 
levels of ecologic and economic efficiency. 
In the industry sector, particularly, 
there is a need for conscious endeavour 
towards implementation of low- and 
non-waste technologies of production 
and untilization of wastes as secondary 
resources. 

Many developed countries have been 
able to achieve high rates of economic 
growth at reduced levels of energy and 
raw material inputs—factors that are 
primarily responsible for environmental 
depletion. The delinking of economic 
growth from resource consumption is 
attributed to changes in economic 
structure from environmentally harmful 
forms of production and consumption 
to forms more suited ecologically. Inter¬ 
sectoral structural changes, therefore, 
provide pragmatic avenues for preventive 
environmental intervention. 

Environmental impact assessment 
could form a major instrument for the 
assessment of developmental activities 
in the context of regional carrying 
capacity, provided the conceptual frame¬ 
work is extended to the cumulative 
assessment of policies, plans and projects 
on a regional basis. 

Implementation of preventive and 
reactive measures requires inter-policy 
coordination among sectors like industry, 
agriculture, energy, mining and others 
that have a part in regulating the material 
cycles and corresponding technological 
systems. This also applies to the fiscal 
sector because pricing policies and the 
range of financial incentives often play a 


decisive role in preventing or causing 
environmental damage. 

Priority areas of environmental action 

Discernible positive movement towards 
the overall aspirational goal of sustain¬ 
able development warrants analysis of 
the existing and future environmental 
issues emanating from developmental 
objectives and policies in various eco¬ 
nomic sectors. Identification of critical 
environmental issues and concomitant 
corrective measures that need to be 
pursued at the policy, plan and pro¬ 
gramme levels could enable formulation 
of an effective R&D programme in 
environmental management. Accordingly, 
the task related to the preparation of 
Perspective National Environmental 
Plan (PNEP) was undertaken at the 
National Environmental Engineering 
Research Institute (NEERI), Nagpur in 
July 1989. 

The PNEP, while drawing upon the 
report of the World Commission on 
Environment and Development and the 
Environmental Perspective adopted by 
the UN General Assembly in 1987, 
presents situation analysis of environ¬ 
mentally critical sectors such as popu¬ 
lation; food, agriculture and forestry; 
energy; industry; and health and human 
settlements. The priority areas of environ¬ 
mental action emerging from this analysis 
are presented in Table 1. 

Thrust areas of R&D 

In keeping with the priority areas of 
environmental action, six thrust areas of 
R&D in environmental science and tech¬ 
nology could be identified, viz. environ¬ 
mental biotechnology, environmental 
chemistry, hazardous waste manage¬ 
ment, environmental systems modelling 
and optimization, environmental impact 
and risk assessment, and environmental 
policy. Significant R&D activities under¬ 
taken at NEERI in these areas are 
presented in Table 2. 
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Table 1. Priority areas of environmental action. 

Policy level 

Plan level 

Programme level 


Carrying capacity based 
developmental process 


Preventive environmental 
intervention 


Supportive capacity based developmental 
planning 

Assimilative capacity-based environmental 
management 

Introduction of environmentally benign techno¬ 
logies and services in various economic 
sectors 


Development and implementation of viliage/district/regional/ 
national sustainability model 

Assimilative capacity-based location of developmental projects 
Establishment of a centre for studies on policy issues 

R&D and implementation of low and non-waste technologies 

of production and recycle and reuse technologies for end-of- 

the-pipe treatment in industry 

Use of renewable resources in energy sector 

Greater use of biotechnology and ecocultivation in agriculture 

sector 


Use of fuel-efficient engines in transport sector 

Use of renewable and environmentally compatible building 

materials in construction sector 


Measurement of qualitative 
growth 

Restoration of environmental 
quality 


Structural change towards less resource and 
energy-intensive sectors of economy 


Conservation of raw material and energy 
resources 

Application of EIA in sectoral decision making 


Inter-sector policy coordination 

Development of indicators of qualitative growth 

Assimilative capacity-based environmental 
standards 


Establishment of a centre for studies on low and non waste 
technologies of production 

Substitution of non-renewable with renewable resource base in 
manufacturing sector, use of biofertilizer and biocides in 
agriculture, use of non-conventional sources In energy sector 
Expansion of tertiary sector of economy 
Environmental audit including resource and energy audits of 
developmental activities 

Development of resource- and energy-efficient systems 
Development of sectoral guidelines for environmental review 
R&D on screening, scoping and computer-aided EIA 
methodologies 

Preparation of model studies on EMP and DMP 
Development of objective criteria for delineation of environ¬ 
mentally sensitive areas 

Legislative framework for implementation of EIA stipulations 
Establishment of an autonomous national environmental 
impact assessment agency 

Review of sectoral plans from environmental considerations 
Creation of infrastructure within MEF for inter-policy coordi¬ 
nation 

Creation of environmental cells in various ministries 
Development of a national ecologic-econorriic database (NEED) 
Development of concept of gross ecologic product (GEP) 
Assessment of regional assimilative capacity and formulation 
of location-specific standards 

Implementation of environmental assimilative capacity-based 
standards 


Operationalization of polluter pays principle 


Damage-cost functions and cross-media ana¬ 
lysis as basis for environmental quality 
standards 


Legislative and fiscal measures to induce 
waste utilization 


Integrated landuse planning 


Formulation of standards for industrial sludges 

Introduction of effluent tax 

Introduction of resource cess for industry 

Implementation of staridards based on resource consumption 

and production capacity 

Development of damage-cost functions and concomitant 
environmental standards 

Analysis of cross-media pollution transfer for integrated 
pollution control 

Collation of information on nature, volume, location and 
accessibility of wastes, economically viable technologies for 
waste utilization and potential market for recoverable materials 
Development of stabilized market support for recovered 
materials 

Establishment of a national waste utilization board (NWUB) 
Establishment of a centre for studies on waste utilization 
Apportionment of land for meeting competitive sectoral 
demands 


Integration of physical and environmental planning concepts 
for devising national/regional/district/town landuse plans 
Establishment of a centre for studies on land environment 


352 


CURRENT SCIENCE, VOL. 59, NO. 7, 10 APRIL 1990 


S&TIN INDIA 


I 


Table 1. (Contd.) 


k 


3 


i 


4 


Reclamation of degraded lands and restoration 
of fragile ecosytems 


Development of wastelands 


Ecosystem-compatible and need-based affore¬ 
station 


Information, education and Use of integrated ecologic-economic database 
training for sectoral decision making 

Human resource development for environmental 
management 


Awareness building for enlightened public 
participation in environmental decision making 


R&D and implementation of technologies for reclamation of 
mining lands, water bodies, wetlands and catchment areas 
R&D and implementation of technologies for restoration and 
enhanced utilization of forests, mangroves, wetlands, island 
and coastal ecosytems, arid and semiarid zones 
Identification of wastelands 

R&D and implementation of technologies for development of 
wastelands 

Vegetation mapping of the country 

Development of afforestation plans to meet demands for 
forest-based products particularly for rural poor 
Creation of nodal agency for establishment of a national 
ecologic-economic database 

Introduction of environmental subjects in curricula of schools 
and colleges 

Introduction of specialized graduate and post-graduate 

programmes on environment 

Continuing education of professionals 

Extension of employment guarantee scheme to environmental 

restoration programmes 

Development of mass communication techniques 

Development of centralized facility for acquisition, documenta¬ 
tion, storage and dissemination of environmental education 
material in form of environmental resource centre 
Establishment of regional/local ENVIS centres 


Table 2. Significant R&D activities at NEERi. 

Thrust erea Significant R&D activities 

Environmental biotechnology Methane recovery and treatment systems based on anaerobic activated sludge and fixed-film anaerobic 

process for low, medium and high strength wastes such as sewage, tannery, pulp and paper, food 
processing, brewery, pharmaceutical and distillery wastes 

Bioaugmentation of anaerobic treatment process through addition of nutrients such as cobalt, boron, tin, 
molybdenum and selenium to anaerobic digesters and denitrification systems 

Development of simple, reliable and efficient method for elution and reconcentration of viruses from water 
samples 

Rapid detection of water-trorne enteric viruses employing chemiluminiscent enzyme immunoassay and 
enzyme immunofiltration techniques 

Development of gene probe for detection and enumeration of water-borne enteric viruses 
Isolation and mass culture of microbial strains for biodetoxification of hazardous and recalcitrant wastes 
bearing high concentrations of phenols, cyanides, aromatics and other substances 
Design of biological wastewater treatment systems for low temperatuie carbonization, coal and coke 
oven, sodium cyanide, organic chemicals, synthetic drugs, photofilm, and opium and alkaloid¬ 
manufacturing industrial units 
Production of 2,3 butanediol from water hyacinth 
Production of hydrogen and chemicals from biomass 

Development of oxidative and chemobiochemical techniques for microbial desulphurization of coal, oil 
and gas 

Environmental chemistry Development of analytical schemes for physico-chemical speciationof trace metals such as Cu, Pb, Cd, 

Zn, Cr and Hg in natural waters and treated industrial effluents 
Development of analytical schemes for speciation of metals in soils 

Development of gas-air tracer techniques for estimation of Freon-12, Freon-13 and sulphur hexafluoride 
in air 

Study of dynamic characteristics of carbon cycle and its perturbations due to anthropogenic activities 

with recourse to mathematical modelling 

Development of schemes for monitoring greenhouse gases 

Development of schemes for monitoring dry and wet deposition 

Development of methods for estimation of elemental forms of C, N and P and evaluation of biokinetic and 
geochemical kinetic constants in aquatic ecosystems 

Application of speciation schemes for trace metal bio-availability and assessment of relationship with 
thermodynamic availability 
Participation in IGBP 
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Hazardous waste management Standardization of techniques for estimation of amino, chloro, nitro, nitrochloro and hydroxy-substituted 

aromatics as also a variety of biocides from industrial wastewaters and raw water sources 

Estimation of degree of hazard of various substances in terms of toxicity, ignitability, corrosivity and 

reactivity 

Development of sampling trains for estimation of hazardous waste emissions and identification and 
quantification of carcinogens 

Development of molten salt combustor for destruction of hazardous industrial wastes 
Assessment of given industrial site for pollution damage due to past chemical waste disposal activity 
Evaluation of hazardous waste incinerators for destruction of principal organic hazardous constituents 
Study on thermal destruction of hazardous wastes 

Preparation of guidelines for siting of hazardous waste treatment facilities, and identification and 
management of abandoned hazardous waste sites 
Treatment of coke oven effluent from steel plant 

Environmental systems modelling and Development of general purpose, self-cailibration river water quality model SIMQUAL 
optimization Development of structural models for village and district ecosystems 

Development of non-causal models for environmental systems using group method of data handling 
Application of off-the-shelf air and water quality models such as AQS, UNAMAP, QUAL-lle and WASP 3 
Optimal design of branched.and looped water distribution systems 
Optimal design of wastewater collection systems 

Optimal design of aerobic and anaerobic systems for wastewater treatment 
Optimal design of solid waste transportation systems 
Optimal design of air quality monitoring networks 

Calibration and verification of air and water quality (lakes, riverine and estuarine systems) models for 
selected regions under deterministic environment 
Environmental impact and risk Guidelines for environmental review of industrial projects 
assessment Environmental guidelines for oil refineries 

Environmental guidelines for oil transportation pipelines 
Development of methodology for computer-aided ElA 

Development of conceptual framework for ElA of Ganga Action Plan and its validation at two selected 
centres 

Development of user interactive computer package employing GMDH for use of non-causal models in 
impact prediction 

ElA of nuclear power plants at Rawatbhata and Kaiga 

ElA of Gandhar Oilfields, ONGC 

ElA of Uran Onshore facilities, ONGC 

ElA of Mangalore refinery and petrochemicals, MRPL 

ElA of lube plant expansion for MRL 

ElA of oil/gas field development at Godawari offshore basin of ONGC, Madras 

ElA of oil/gas field development at Bombay offshore basin of ONGC 

RA of Hazira gas processing complex, ONGC 

ElA of crude stabilization unit of ONGC, Hazira 

ElA of gas collecting station of ONGC, Thatipaka 

ElA of Dankuni Coal Complex, CIL 

EIA of HPC paper mills at Nagaon and Cachar, HPC 

ElA of Manuguru projects of M/s Singereni Collieries Company Ltd, Kotagudam 
EIA of thermal plant expansion for Neyveli Lignite Corporation 
EIA of Korba industrial region under SADA 
EIA of fertilizer plant, Vijaipur 
RA of HPC paper mills at Nagaon and Cachar 
EIRA of additional facilities at Bombay refinery complex of BPCL 
EIRA of augmentation facilities of lube base stock at Bombay refinery complex of HPCL 
Risk assessment of chemical plant with recourse to Monte Carlo simulation technique 
Environmental policy Preparation of perspective national environmental plan 

White paper on preventive environmental policy for industry in India 
Policy paper on waste utilization in India 

Development of structural modelling approach to village sustainability 
Development of computer simulation model for district planning 
Development of carrying capacity-based regional planning model 
Development of assimilative capacity-based environmental management model 
Analysis of structural change in Indian economy and its impact on environment 
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Environmental biotechnology 

Biotechnology is an emerging discipline 
that holds promise to offer long-range 
solutions to common developmental 
and environmental concerns. In its 
accepted connotation, however, environ¬ 
mental biotechnology has been restricted 
to waste treatment, with some emphasis 
on resource recovery. 

The emergence and acceptance of the 
concept of sustainable development 
warrants that the scope of environmental 
biotechnology be enlarged to include 
applications in the areas of environ¬ 
mental monitoring, restoration of envi¬ 
ronmental quality, resource/residue/ 
waste-recovery/utilization/treatment, and 
substitution of non-renewable finite 
resource base with renewable resources. 

In order to review current status and 
future prospects for application of bio¬ 
technological processes, tools and tech¬ 
niques in environmental management, a 
brainstorming session on enviommental 
biotechnology was held at NEERI 
under the sponsorship of the Depart¬ 
ment of Biotechnology (DBT) in April 
1989. The session recommended recog¬ 
nition of environmental biotechnology 
as an explicit thrust area of DBT and 
constitution of a task force for initiation, 
pursuance, development and integration 
of plans and programmes in this emerg¬ 
ing and challenging discipline. 

Environmental chemistry 

Nearly 5 million chemicals have been 
synthesized in the last 40 years and 
chemical industries produce several 
million tons of synthetic chemicals 
annually. Many of the chemical products 
and wastes are released into the environ¬ 
ment causing interference with natural 
biogeochemical cycles and resulting in 
acute health and environmental risks. 

Study of reactions in the environment; 
distribution and equilibria between en¬ 
vironmental components; and reaction 
pathways, thermodynamics and kinetics 
is essential for devising sound strategies 
for environmental management. 

Major areas of research interests that 
have emerged in the recent years in the 
domain of environmental chemistry 
relate to ozone layer depletion, green¬ 
house effect, chemical speciation, acidic 
deposition and biogeochemical cycles. 

Ozone layer depletion. Anthropogenic 
trace gases like nitrogen oxides and 


chlorofluorocarbons are responsible for 
increasing the destruction rates of ozone 
concentrations. This could affect the 
radiation balance and chemistry of the 
atmosphere as also agricultural eco¬ 
system. It is, therefore, considered nece¬ 
ssary to establish baseline stations to 
monitor ozone and its precursors. The 
results would help in establishing relation¬ 
ship between ozone and its precursors 
and throw light on mechanism of ozone 
layer depletion. 

Greenhouse effect. Despite a large 
network of meteorological and a few 
background air pollution monitoring 
stations, India does not have any data 
on greenhouse gases. In view of our 
critical dependence on monsoons, it is 
essential that the interaction of gradually 
warming atmosphere with factors con¬ 
trolling monsoon dynamics is clearly 
understood. The role of greenhouse 
gases (principally CO 2 , CH4, O3, N2O, 
CFCL3 and CF 2 CI 2 ) warrants particular 
attention. 

Chemical speciation. Chemicals released 
into the environment undergo physico¬ 
chemical and biological changes resulting 
in forms that have markedly different 
properties than the parent entity. A 
study of chemical speciation is, there¬ 
fore, necessary for understanding the 
distribution and impact of chemicals in 
the environment. While most studies on 
chemical speciation have so far been 
directed towards determination of 
physico-chemical forms in isolated 
samples, efforts are now underway to 
develop reliable and generally applicable 
analytical methods to speciate elements 
in the environment. 

Acidic deposition. The major sources of 
acidifying substances in the atmosphere 
are sulphur and nitrogen compounds 
emitted from power plants, industrial 
processes, vehicular transport and 
domestic sources. Considering the present 
levels of these air pollutants in the 
country, it is imperative that studies on 
acidic deposition be given due priority. 

Biogeochemical cycles in aquatic eco¬ 
systems. Study of biogeochemical cycle 
of an element provides insight into 
transformations among different forms 
of the element, transformation rates, 
and distribution in the atmosphere. 


biosphere, hydrosphere and lithosphere. 
Such studies are considered essential for 
dealing with the complexities of the 
total environment. 

Hazardous waste management 

In recent years, there has been an 
increasing awareness on the quantity 
and diversity of hazardous wastes gene¬ 
rated by the industry and the risks 
posed to human health and environ¬ 
mental quality by some of the disposal 
methods for such wastes. These concerns 
have prompted several countries to 
undertake effective technological, admini¬ 
strative, legal and policy measures to 
address the problem of hazardous waste 
management. 

India, too, has witnessed a five-fold 
increase in industrial production in the 
last three decades, bringing in its wake 
serious threats from toxic and hazardous 
substances. As per correlation between 
economic activity and hazardous waste 
generation established by the Organiza¬ 
tion for Economic Cooperation and 
Development (OECD), the hazardous 
waste generation in India has been 
estimated to be 0.3 million tonnes 
during 1984. 

However, except sporadic attempts 
made by the CPCB, DOE and NEERI, 
no systematic assessment of‘the quantity 
and pollution potential of hazardous 
wastes has been undertaken in the 
country. In view of the current status, 
sufficient thrust needs to be given to 
development of database with respect to 
generation, storage, treatment and dis¬ 
posal of hazardous wastes; development 
of technology/techniques for hazardous 
waste management; development of 
guidelines for siting of hazardous waste 
disposal facilities; and formulation of 
disaster management plans to deal with 
industrial accidents. 

Environmental systems modelling and 
optimization 

The mathematical problems in environ¬ 
mental management could be of two 
types, viz. optimal planning and optimal 
control. Solutions to both warrant 
recourse to the techniques of systems 
analysis incorporating mathematical 
modelling and optimization. 

Mathematical modelling. A substantial 
amount of research supported by ex- 
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tensive monitoring is required to develop 
well calibrated and validated mathe¬ 
matical models for air quality, surface 
and groundwater quality, and ecological 
systems in our country. 

There is also a need for adequate 
representation of a system variability and 
uncertainties in mathematical modelling 
of environmental systems. Further, since 
environmental systems are complex and 
interactions among subcomponents are 
not well understood, it is necessary to 
develop techniques that allow flexibility 
in model identification and provide 
means to incorporate inherent system 
uncertainties in the modelling procedure. 

Optimization of environmental systems. 
Despite availability of a large number of 
formulations for optimal design of 
environmental systems covering the 
entire spectrum of design problems, few 
have found application in practice due 
to the deterministic nature of available 
software. 

Incorporation of reliability conside¬ 
rations in optimization of environmental 
systems requires development of chance- 
constrained linear and non-linear pro¬ 
gramming and stochastic dynamic pro¬ 
gramming formulations. 

Environmental management. Planning 
for sustainable development warrants 
optimal utilization of supportive and 
assimilative capacities of the environ¬ 
ment. Development of management 
models for various environmental sub¬ 
systems and their integration to furnish 
an effective tool for overall develop¬ 
mental planning is yet another area that 
requires substantial research inputs. 

Environmental impact and risk assessment 
(EIA) 

This is potentially one of the most 
valuable, interdisciplinary, objective 
decision-making tool with respect to 
alternate routes for development, project 
sites and process technologies. In its 
present form, however, EIA suffers from 
several limitations at the conceptual, 
methodological and procedural levels. 


Conceptual limitations. EIA is presently 
conceived merely as a project level tool 
and does not address to developmental 
programmes at the policy and planning 
levels. Environmental assessment of 
developmental activities in the context 
of regional carrying capacity warrants 
that the conceptual framework for EIA 
be extended to the cumulative assessment 
of developmental policies and plans on 
a regional basis. 

EIA also does not deal adequately 
with the strategies of preventive environ¬ 
mental intervention. The issues of re¬ 
source conservation, waste minimization, 
by-product recovery, and improvement 
in efficiency of equipment could be 
pursued as explicit goals in EIA. 

Methodological limitations. EIA metho¬ 
dologies in vogue require consider¬ 
able inputs in terms of data, manpower, 
time and financial resources. These 
constraints could be overcome through 
development of screening, scoping and 
computer-aided methodologies for EIA. 

There are also uncertainties related to 
data and prediction/evaluation methodo¬ 
logies that warrant research and deve¬ 
lopment of improved methodologies. 

Procedural limitations. The present en¬ 
vironmental review procedures lack 
objective criteria for deciding whether a 
project requires comprehensive EIA or 
not. EIA is presently carried out only 
for projects that require funding from 
PIB. The public acceptance of impact 
assessment is another issue of procedural 
concern that needs to be incorporated 
in the environmental review process. 
Sectoral guidelines for environmental 
review, therefore, need to be formulated 
to aid review authorities, project propo¬ 
nents and consultants undertaking EIA. 

Environmental policy 

Present day environmental problems 
are not so much due to lack of govern¬ 
mental thrust as to the direction of these 
efforts resulting in sectoral, media-spe¬ 
cific, repair-oriented environmental plan¬ 
ning and management that overlooks 


the interactive nature of common en¬ 
vironmental and developmental concerns. 

The inadequacies of reactive environ¬ 
mental policy could be overcome through 
a preventive policy framework which 
influences technological considerations 
preceding investment decision-making 
in such a way that resource utilization 
as also the cost of environmental pro¬ 
tection and damage are minimized while 
economic productivity and innovative 
capacity are maximized. 

Such an approach requires pragmatic 
management of natural resources through 
positive and realistic planning that 
balances human expectations with eco¬ 
systems carrying capacity. It aims not 
only at environmental harmony but 
also at long-term sustainability of the 
natural resource base and economic 
efficiency in resource utilization vital for 
ensuring sustainable development. 

Development of computer simulation 
models for district planning and village 
sustainability with recourse to structural 
modelling approach could aid in carrying 
capacity-based developmental planning 
process. The state variables, parameters 
and exogenous forcing functions of the 
model must correspond to real compo¬ 
nents of district system emphasis on the 
study of feedback control, stability of 
the system and sensitivity of one compo¬ 
nent of the system to changes in other 
components. 

Epilogue 

The policy-makers faced with long-term 
environmental problems often argue 
that they cannot afford to worry about 
the remote and the abstract when 
surrounded by the immediate and the 
concrete. The problems that overwhelm 
us today are precisely those which, 
through a similar approach, we failed to 
solve decades ago. 


P. Khanna is director and Nirmala 
Saraswat is Scientist, National Environ- 
mental Engineering Research Institute, 
Nehru Marg, Nagpur 440 020. 
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Food, physical growth and work output 

P. V, Sukhatme and W. E, Edmundson 


In independent India’s early years of planning, the 
subject of food, physical growth and work output 
assumed much importance because of the small 
physical stature and low nutritional status of our 
people. Food production has since increased conside¬ 
rably but so has the population and there is no sign 
that we have improved the nutritional status to 
anywhere near what we had expected with more and 
better food through food intervention. The vicious cycle 
of poverty leading to low intake and low intake leading 
to still greater poverty continues to haunt us. In the 
first part of this article we shall deal with limits to 
physical growth of children and in the second with the 
e. ect of inadequate food on development and work 
performance. 

The Narangwal study 

The work reported here and the underlying philosophy 
stemmed from the Narangwal study ^ carried out by the 
Indian Council of Medical Research (ICMR) with US 
assistance. The study included ten villages, two of which 
received medical care, three received nutrition and 
medicaTcare, and two served as control without any 
service. The study showed that prevalence of morbidity, 
particularly because of gastrointestinal diseases, was the 
highest among villages which received medical care and 
the lowest among the controls. This was a surprising 
finding. There was clear indication that when house¬ 
holds get into dialogue with medical care and nutrition 
services, they like to draw on the latter’s help as much 
as they can in dealing with problems of health, illness 
and diet of members in the families. The fact that the 
control villages showed the lowest prevalence of 
morbidity did not escape the study group’s attention 
and was ascribed to under-reporting. 

The study group was well aware that all villages had 
already installed hand pumps, which provided relatively 
safe water, and latrines. But it took the view that, when 
hunger and malnutrition were acute and over 80 per 
cent of children suffered from them, the immediate 
thing to do was to strengthen medical services to deal 


P. V. Sukhatme is honorary professor in the Department of Biometry 
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Science, Law College Road, Pune 411004. Work reported in the 
article is the joint work of Sukhatme and W. E. Edmundson. 
Edmundson is in the University of New England, Armidale, NSW 
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with illness and institute programmes for food interven¬ 
tion to prevent malnutrition, rather than educate 
children and ••communities in the use of potable water 
and latrines. However, as time passed it became 
increasingly clear that food intervention failed to 
achieve growth rates comparable to those that had 
been observed in the USA. The growth rates observed 
at the end of three years fell short of the Harvard 
Median by 3 kg in the case of children from high castes 
and by 5 kg in the case of children from low castes. The 
same phenomenon was seen in the case of growth in 
height. The conclusion was that growth stops when the 
ethnic potential is reached. It meant that even when 
intake is increased through intervention to the US level 
by giving more and better food, the genetic potential 
cannot be achieved. Clearly diet and disease affect each 
other; they move in concert to show synergistic 
interaction. They are not equally important as 
originally postulated by Jose de Castro. This is 
conventional wisdom. The failure of the intervention 
programmes suggests that they cannot be regarded as 
equally important. It is strange indeed that so little 
research has been devoted to so basic a question. Lack 
of reliable data has been the principal reason. 
Fortunately such data arc now available, which enable 
us to quantify the relative importance of lowering 
disease, morbidity and mortality versus that of dietary 
change for improvement in health. When these data are 
examined, we find a very high negative correlation 
between the surrogate measures of diet and disease in 
their effect on health. Thus, if someone is suffering from 
diarrhoea, not only will that person have a very low 
intake, but he or she will also be unable to effectively 
assimilate what little was eaten because of the rapid 
food transit time and disturbances in the absorption 
mechanism. The majority of illnesses, accompanied by 
anorexia and loss of appetite, in fact tend to aggravate 
malnutrition, both by demanding higher energy intake 
to meet the rise in basal metabolic rate which 
accompanies fever and by requiring higher intake of 
protein and other nutrients. 

From the statistical point of view, the important and 
interesting factor here is that, given almost perfect 
determination of the health index by the two inde¬ 
pendent variables, a complex statistical analysis 
could be made to separate out the relative weights of 
each. The analysis showed that the fall in disease 
mortality accounted for fully 60% or more of the 
increase in life expectancy, whereas the increase in 
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Fitted curves for length of life vs diet and disease in Japan, 1949-1963. 

nutritional sufficiency accounted for only 40% or less of 
the improvement in health. Similar data for Japan (see 
figure) show that life expectancy went up from 56 years 
in 1949 to about 70 years in 1963. 

Death seldom occurs without disease and from 
malnutrition alone. Indeed a significant proportion of 
the nutritional deficiency diseases occurring in poor 
nations have as their underlying cause a communicable 
disease insult. This is especially true in the case of 
protein calorie malnutrition in infants and children, 
where the underlying factor precipitating fully developed 
clinical symptoms of PCM is usually prolonged 
diarrhoea. Our observation is that, generally, disease is a 
more important component of health than diet. The 
empirical validation is heuristic and to *know its truth 
one simply has to leave the laboratory and work in the 
villages. 

The Kirkatwadi experiment 

An intensive field study was undertaken in one village, 
Kirkatwadi, to study the effect of nutritional inter¬ 
vention on body weight and adult size and, in 
particular, to know whether education in the use of 
latrines and piped water takes as long as the 
Narangwal study group believed to bring home to the 
individual the responsibility for one’s own well-being 
and that of the community to which one belongs. If 
education at the right time in the life of a child cannot 
bring home the importance of preventing malnutrition, 
what else can take its place to incorporate in life what 
one learns in order that an individual may have 
adequate supply of potable water to drink, and reduce 
person-to-person contact and unclean handling of food 
as a matter of instinct and habit? Can intervention 
through diet alone, supported by medical care, as under 
the Integrated Child Development Service (ICDS) be 
the right answer, as suggested by the Narangwal study? 
Will not the diet need to be supplemented by drugs in 
order to increase body weight and stature? Can 
consideration of continuous interaction of the biological 
environment of man with cultural, economic and 
physical environment be left out? Can man be equated 
with animals as Narangwal does? Can one, as an 
individual, not aspire or look forward to the day when 


he/she can live as humans should, aware of his/her 
obligations to communicate with mind to ensure that 
he/she abides by the moral and social philosophy to 
deal with the crisis of values with which he/she is 
confronted in the world today? 

Our experience in Kirkatwadi confirmed that the 
answers to these questions lay in taking note of the 
continuous and intense interaction of cultural, economic 
and physical environments with biological environment. 
In many ways it was a pioneering experiment that we 
initiated in Kirkatwadi in 1976. The experiment showed 
that education along Gandhian lines organized around 
a given social action not only serves as a basis for 
bringing about a change in life-style, but, even more 
important, for reducing the gap in technology that we 
see between the developed and the developing countries 
by keeping development in science and technology in 
front of us as the guiding force. The technology gap has 
the same role to play whether we speak about differences 
between developed and developing countries or between 
urban and rural areas in the same country. The speed 
of change is so great and such are the dizzy heights that 
advances in science and technology have reached that, 
unless we keep modern technology as a goal before us, 
we will not be able to use information in science and 
technology as a lever to prepare ourselves for the 
future. 

The experiment in Kirkatwadi was initiated by the 
Marathi Vignyan Parishad, Pune. The experiment was 
so novel in 1976 that it was far from easy to feel one’s 
way through it. The school in Kirkatwadi was 
surrounded by heaps of garbage. So it was convenient 
to begin by asking the teacher and the parents whether 
they felt it desirable that children should play in these 
surroundings, fraught as it was with the risk of infection, 
which could spread by person-to-person contact. The 
answer was an emphatic ‘no’ but the children and the 
teachers alike expressed their inability to prevent 
garbage being thrown around the school since they 
were not present in the school all the 24 hours. We 
agreed that if we could erect a fence sufficiently strong 
to prevent people, goats and animals from entering the 
campus, we might be able to prevent garbage accumu¬ 
lating in the neighbourhood. 

Simple as the experiment looked, it was not easy 
work organizing it. Even the task of demarking the 
campus area and securing approval of the district 
council and the municipal corporation to build a fence 
was far from easy; maintenance was even more difficult 
and securing participation of the entire community in 
erecting it was a novel experience altogether. However, 
once the fence was built and the campus was cleared of 
the garbage, we found to our delight that children 
willingly accepted the responsibility of keeping the 
campus clean. 

Next on our list was the building of a latrine within 
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the fence. Later in the same year we set up a balwadi 
and instituted a new health education syllabus in the 
primary school. This was followed by capping the well, 
chlorinating water and assisting villagers in the building 
of latrines and biogas plants attached to their houses. 
For the first time, the villagers got biogas in their 
households with which they could cook their meals. 
Analysis of morbidity data showed a distinct fall in the 
prevalence of diarrhoeal morbidity. 

We followed up this experience by initiating a new 
eight-village project with funds from the Department of 
Science and Technology. The villages selected for the 
project were Rahatwade, Vardade, Marnewadi, Babhul- 
sar, Arvi, Kasarsai, Murhevasti and Khandala, 

In 1984, following the Kirkatwadi model, we had 
fences built around the schools in all the eight villages, 
with a latrine within each campus. This was followed 
up by setting up a balwadi in each village. A new health 
education syllabus was instituted. In 1986 wells in four 
of the eight villages were capped and well water was 
regularly chlorinated and analysed for coliform bacteria. 
In two of these villages, latrines were built, one for 
every three households. Morbidity was regularly recor¬ 
ded. We found that the prevalence of diarrhoeal 
morbidity was reduced by over one-third at the end of 
the third year. Simultaneously with these measures, 
height and weight were also recorded. Rate of physical 
growth was significantly higher in villages where 
potable water was available and latrines were con¬ 
structed. 

The Narangwal experiment was published as a great 
success story of ICMR. The success was ascribed to 
dramatic advances that were reported in the under¬ 
standing of synergistic interaction between malnutrition 
and infection. The research was directed by Prof. 
C. E. Taylor and other renowned experts from India 
and the US. This naturally lent weight to their findings 
and in fact led the Government of India to establish 
ICDS all over the country. In actual fact, as already 
stated, the expectation about increase in weight and 
height was not realized. While diet and disease are both 
important components of health, diet apparently is not 
fully effective in improving stature unless disease is 
under control. The warning, by Gopalan^, that unless 
feeding programmes are organized to bring our intake 
in line with that in the US, our children will develop 
into a population of sub-standard quality and our 
economic and social development will be completely 
arrested has thus very little support in the available 
evidence. Our experience in villages tells us that what is 
needed is education around appropriate social action to 
bring about a lasting change in life-style to improve 
personal hygiene and cleanliness in and around 
households to reduce morbidity. Our evaluation of 
these data suggests a distinct improvement in the rate 
of physical growth of children compared to that of 


children in villages without facilities for potable water 
and latrines and sanitation. 

Energy intake and work output 

Conventional wisdom asserts that chronic undernutri¬ 
tion, thought to be widespread in low-income countries, 
must result in low levels of human performance. The 
hypothesis is especially expounded by international 
agencies. Statements such as ‘an undernourished man 
avoids physical effort, takes excessive rest, works less 
and eats less, and is therefore caught in a vicious cycle 
or poverty, malnutrition and impaired labour power’ 
are common in their writings. However, as MyrdaF has 
pointed out, most of these statements are based on 
superficial observations of work in the field. They 
hardly pay any attention to economic activities other 
than cultivation. It is assumed by default that much of 
the potential working time is dissipated in enforced 
idleness. But considering other activities, people in low- 
income countries work longer hours. Their work 
cannot be described as technologically efficient but it is 
surely time-consuming and vigorous. The plain fact is 
that the poor would not survive if they did not put in 
long hours of work. 

The Indira community kitchen study 

Perhaps the best way of describing the relationship 
between intake and work output is to illustrate it with 
data such as that on the Indira community kitchen. 
There is hardly any relation (see figure) between the 
number of chapatis per unit of time and the energy 
intake of women working in the kitchen. Such a 
phenomenon is impossible to explain unless individuals 
differ in their metabolic effiency of converting intake 
into work output and/or put in extra hours of work. 
The relative efficiency of work output is seen to increase 
as the intake decreases. 



Correlation between intake and work output. 
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It had been taken for granted that since the women 
(in the study) were drawn from the poorest of the poor 
and were assured of getting enough food for themselves 
and for their family, they would first improve their 
intake and body weight and make themselves employ¬ 
able as it were before doing the heavy manual work 
that is reflected in the levels of productivity shown in 
the figure. Rolling chapatis at the rate of one a minute 
in two shifts of four hours each calls for hard muscular 
work and high concentration to ensure that chapatis 
are rolled to size and weight uniformly and baked 
properly. It was expected that the women would gain in 
body weight to develop the strength needed for such 
muscular work. But there was no evidence of this (see 
table). The distribution of weights remained about the 


Distribution of body weights of 30 adult women in 
the indira Community Kitchen study 


Body weight in kg 

Number of women 

April 1981 

March 1982 

34-36 

03 

03 

37-39 

04 

04 

40-42 

10 

06 

43-45 

03 

09 

46-48 

05 

05 

49-51 

05 

02 

52-54 

00 

01 

Mean body weight 

42.06 

42.09 

Std deviation 

4.07 

4.04 


same all through the year from April 1981 to March 
1982. Of the 30 women, 14 gained in weight, 7 remained 
at the same level when they joined and 9 in fact lost 
weight. Clearly the women maintained high work 
output on a range of body weights, which ranged from 
36 to 52 kg as before. Even in the case of women who 
gained or lost weight, the difference is not more than 
1 kg over a period of a year. It is therefore not under¬ 
nutrition as judged by body weight relative to the 
Harvard standard that leads to low level of activity. 
Before joining the kitchen the women were poor, in that 
they had hardly any home or shelter worth the 
description, little clothing, no hygiene and sanitation 
worth the name, and no education. Indeed many of 
these women had been behind bars for petty thefts 
when they were recruited for the kitchen. Their poverty 
really arose from the fact that they hardly lived as 
human beings, nor were treated as such. They did not 
lack food, which they managed somehow by begging, 
borrowing or stealing. Like the range in intake, the 
range in body weight was also wide, suggesting that, for 
any given level of activity, work output per unit of 
calorie intake is the highest for the lower range of body 
weight, as low as 35 kg, and decreases as weight 
increases to 55 kg. 

The Javanese evidence 

Even before we carried out our experiment in the Indira 


community kitchen, Edmundson"^ had collected evidence 
in Java to reach a similar conclusion. In his study he 
recorded energy intake and minute-to-minute activity 
of 54 adult male farmers for a period of one year and a 
total of 324 man-days—six days of observation every 
two months on each subject. The subjects were 



Comparison of food/energy intake and productive economic work 
output. 

monitored from the time they woke up in the morning 
until they retired at night. The mean energy outputs for 
ten basic activities were determined by measuring the 
subjects’ gaseous exchange with a calorimeter and 
analysing respiratory gases with a microscholander gas 
analyser. Edmundson reported that average work 
output per unit of energy intake was 80% higher in the 
lower range of intake than in the higher. Clearly, as in 
our experiment, these differences could only be 
explained on the basis of the hypothesis of increase in 
metabolic efficiency in the lower range of intake. 

Edmundson tested this hypothesis by carrying out a 
small pilot study on 10 individuals included in the 
previous study, five of whom belonged to the high- 
intake group and five to the low-intake group. All the 
10 individuals were of about the same build in height 
and weight. Energy intake was obtained in a manner 
similar to that in the experiment reported in 1979 
except that all food was weighed for six consecutive 
days. Basal metabolic rates (BMR) were measured and 
data were collected under controlled laboratory condi¬ 
tions. The results (see table) showed that the mean 
difference in the basal energy needs of the high- and low- 
intake groups is very large: whereas the basal energy 
need of the high-intake group was 1900 calories on 
average, that of the low-intake group was only 980 
calories. Subtracting the basal need from the mean 
energy intake, we find that the calorie cost of the work 
output for the high-intake group comes to 854 calories 
and that for the low-intake group is 793 calories. In 
other words, work output remains about the same even 


360 


CURRENT SCIENCE, VOL. 59, NO. 7, 10 APRIL 1990 




GENERAL ARTICLE 




0*60 0-80 100 1-20 1*40 

Basal metabolic rate (kcal/min) 

Comparison of energy intake and basal metabolic rate. 

Results of the pilot study by Edmundson in Java 



Mean energy 
intake 
in cal 

BMP/ 

minute 

Height in 
cm 

Basal need 
Weight in for 24 hours 
kg in kcal 

High-intake 

group 

2754 

1.32 

162.0 

52.1 

1900 

Low-intake 

group 

1773 

0.68 

161.6 

52.8 

980 


Analysis of variance for energy intake (kcal x io~^) 


Source 

d.f. 

M.S.S. 

F 

True estimates 

Between subjects | 

53 

145.9 

3.12 

16.5 

Within subjects 

270 

46.6 


46.6 


though the high-intake group has consumed twice as 
many calories as the low-intake group. These results 
confirm a higher metabolic efficiency of the low-intake 
group. 

Analysis of variance shows that the mean square 
between individuals is significantly larger than the 
mean square within individuals. There is thus clear 
evidence here of the non-independent hierarchical 
structure of variation. This means that the differences 
between individuals cannot be attributed to chance 
only. Part of these differences is real difference, repre¬ 
senting genetic potential for coping with variation in 
energy intake, and the remainder has its origin in 
environmental effects permanently associated with the 
individual’s development within the intra-uterine and 
external environments experienced by him. In technical 
jargon, if we use E for the expected value, we write 

£(145.9) = 6ag + a2 
and 

E (46.6) = cl 

On solving these we get for and aj the values 
shown in the last column of the table, and for 
intraclass correlation r ( = (jII(cI +cl)) a value of 
0.26, which is statistically significant. 


Within-individual variance 

When the common external environment is held 
constant and the individual is followed over time we 
find that the within-individual variance component 
does not remain purely environmental. Instead we find 
that the week-to-week variation is significantly larger 
than the within-week variance component in the same 
individual, indicating that the day-to-day observations 
are serially correlated. This is the reason why intra¬ 
individual variation remains wide and cannot be 
reduced by averaging to the extent it would be if the 
genetic physiological process of energy metabolism had 
remained the same each day. We may consider this 
additional component of variance as arising from the 
interaction (covariance) between the genetic entities 
possessed by the individual and the micro-environment 
provided by the food intake on different days. This is to 
say, if Gp stands for the true variance between weeks 
and for the within-week variance as the individual 
moves in time, and 



we may express the variance of the mean of n observa¬ 
tions in repeated sampling of the same individual as 


or 

n 

where p is the serial correlation and rr-* refers to 
correlated case arising from intra-individual differences 
as distinct from g^ in the uncorrelated case. If we now 
find that the coefficient of correlation r so calculated is 
statistically significant, it means that we not only have a 
case of stochastic variance but a stochastic stationary 
stable value for variance, given by f gI Results of 
experiments carried out in our metabolic unit confirm 
this*\ 

This hypothesis concerning the non-independent 
nature of the intra-individual variance component is of 
fundamental importance in understanding recent deve¬ 
lopments in biology. The hierarchic nature of the non- 
independent sources of variance indicates that the 
process of mental information processing is analogous 
to the way computer programmers write their programs 
by putting instructions together into subroutines rather 
than rewriting a complete detailed instruction on every 
occasion that it is needed. It is this which makes it 
possible for mind to interact with environment as 
perceived through the senses. The. interaction is 
spontaneous, arising as flow of information or as 
attribute of information theory. There is no energy 
exchange in the transaction, though once the mind 
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reacts it will change the pattern of energy operation in 
the modules of the brain^. 

It needs to be emphasized here that a stable value for 
the variance component means that the individual 
has a capacity to generate negative feedback and create 
order whenever there is disruption. Such a process of 
generating negative feedback and creating order not 
only affirms that intake will equal expenditure on 
average but also affirms that it represents a process to 
regulate variance. In particular, it tells us whether the 
process of regulating variance is stable and adequate to 
maintain the body’s system in a state satisfactory for 
carrying out day-to-day activity without stress. Garby 
et alP, on the other hand, hold that the variation is 
random, arising principally from measurement errors. 
The third feature of these results is that it brings out the 
feasibility of shifting intake under sustained perturba¬ 
tion of the individual’s macro-environment within the 
limits of the homoeostatic range of the individual. 

Even in long-term genetic adaptation, which is what 
most workers refer to in current nutrition literature, 
small body size does not necessarily interfere with 
economic work output, given appropriate macro¬ 
environment or the daily habit of the villagers to put in 
extra hours, while always ensuring that the intake per 
kg is kept at the level enjoyed by healthy, active 
reference individuals. 

Implications for nutrition policy 

The implications of these data are that, on a given food/ 
energy intake, a small individual has more muscular 
energy left over for both social and free-time activity as 
well as economic work activity above the basal state 
than a large individual. There is therefore no reason to 
assume that absolute energy intake is a determinant of 
work output. It is true that intake of energy will equal 
output of energy, but a small person will use less energy 
for maintenance and produce more work per unit of 
intake. It means that when the intake is small, as in the 
lower part of the homoeostatic range, or the individual 
is of small size, there are compensatory mechanisms, 
controlled by the endocrine system, such as a higher 
level of metabolic efficiency and greater physical fitness, 
which allow such individuals to be economically 
efficient. 

To summarize, there is a long and complex pathway 
between energy intake and work output. Low intake 


does dictate low output but it is also true that a small 
individual on low intake utilizes the intake more 
efficiently than a large person. Small villagers on a low 
plane of nutrition may likewise devote more of their 
time to economically productive labour. Large intake 
dictates higher total output but that output need not be 
directed towards productive work, with the result that 
large intake may be less efficient in changing food 
energy to energy for work. Thus a group of trained 
observers or supervisors observing villagers or women 
working in the kitchen could detect no discernible 
difference in the observed work output of individuals 
with low and high energy intake. These findings have 
been confirmed by further studies on 16 male and 
female farmers in India undertaken by Edmundson 
since 1983. 

Without elaborating further, we conclude that a 
statement to the effect that many people in the Third 
World with low intake are underfed and, therefore, 
physically underactive has no more significance than its 
illogical corollary that many Westerners are overfed and 
therefore hyperactive. Both physical and social adapta¬ 
tion occur in people with low energy intake. Poorer 
individuals and populations with low food intakes may 
be small and lean, yet they work long and hard and are 
extremely efficient at converting food energy into 
physical work. 

It is evident that increase in intake alon» cannot 
improve performance or productivity of man. While 
this problem needs to be explored in greater detail, it 
seems futile to continue with nutritional intervention in 
the hope that economic, physical and social develop¬ 
ment will gather momentum with more and better food. 
A more practical approach is to prevent malnutrition 
by creating conditions that make villages more liveable. 


1. Narangwal experiment on interactions of nutrition and infections, 
Indian J. Med. Res., 1978, 68, 21. 

2. Gopalan, C., ‘Qualitative dimensions of population growth’. 
Keynote address. Population Conference, New Delhi, 23 De¬ 
cember 1982. 

3. Myrdal, G., Asian Drama: An Enquiry into the Poverty of Nations, 
New York, 1968. 

4. Edmundson, W., EcoL Food Nutr., 1979, 8, 189. 

5. Sukhatme, P. V., Eur, J. Clin. Nutr., 1989, 43, 75. 

6. Eccles, J. C. and Popper, K. R., The Self and its Brain, New York, 
1976. 

7. Garby, L., Lammert, O. and Nielsen, E., Clin. Nutr., 1984, 38C, 
391. 


362 


CURRENT SCIENCE, VOL. 59, NO. 7, 10 APRIL 1990 



RESEARCH ARTICLE 


Sonic velocity measurements in gas-liquid 
mixture with low void fractions 

V. H. Arakeri and B. G. Nair 

Department of Mechanical Engineering, Indian Institute of Science, Bangalore 560 012, India 


We present results of experiments on sonic velocity 
measurements in a gas-liquid mixture with low void 
fractions. A vertical shock-tube-type test rig was 
developed for this purpose. It had two test sections in 
series; one was a brass tube and the other a Perspex tube. 
The travel time of the leading edge of an expansion wave 
between two stations in each test section was measured 
using piezoelectric pressure transducers and a digital 
storage oscilloscope. For generation of the two-phase 
mixture with low void fraction an ‘electrolysis bubble 
generator’ was developed. A mixture of water and finely 
dispersed 0.2-mm-diameter hydrogen bubbles was created 
using the device. Sonic velocity measurements were made 
in the two sections, with void fraction varying from 
0.9x10“'*^ to lO"^. The results clearly show that sonic 
velocity in this void-fraction range is a very sensitive 
function of tube elasticity and void fraction. Comparison 
with earlier measurements is good in the overlapping void- 
fraction range. In addition, the measured sonic velocities 
are in excellent agreement with theory developed earlier. 


The speed of sound in a given medium is a fundamental 
quantity that characterizes the rates at which some 
disturbances in the medium, such as pressure waves, 
travel from one point to another. Here we are interested 
in the speed of sound in a mixture of gas bubbles and a 
liquid, this combination being of great interest in safety- 
related problems in the nuclear and chemical industries. 
What is of relevance and somewhat surprising is the 
fact that the speed of sound in a gas-liquid mixture can 
be considerably lower than either of the speeds in the 
homogeneous media constituting the mixture. The 
presence of even a small amount of free gas-like air in 
the form of bubbles in water can result in substantial 
reduction in the speed of sound. A comprehensive 
review of the topic can be found in Jeevanashankara 
et al} From this and more recent studies^, it is 
apparent that there is a definite lack of measurement of 
speed of SQund in gas-liquid mixtures with very low 
void fractions. Experimentally, it is possible to attain a 
low-void-fraction mixture by having a small number of 
large bubbles or a large number of smaller bubbles 
dispersed in the liquid. However, in terms of homogeneity 
of the mixture, there would be a difference: finer 
bubbles are likely to result in more homogeneous 
conditions. In the past, this has been one of the difficul¬ 
ties in work with low-void-fraction mixtures. In fact, 
Mori et al^ added a surfactant to reduce the size of the 


bubbles to improve the conditions of homogeneity. In 
the present work, the primary aim was to measure the 
sonic velocities in gas-liquid mixtures at void fractions 
approaching zero. Instead of using standard techniques 
of bubbling gas through a porous medium to attain 
bubbly-flow regime, a new device called electrolysis 
bubble generator was used and very good results have 
been obtained. 

The analytical background to the problem under 
consideration is in Mori et al^ They considered the 
problem of shock-wave propagation in a bubbly 
mixture contained in an elastic tube. Since our interest 
was in the measurement of sonic velocities, the 
propagation of the leading edge of an expansion wave 
in a bubbly mixture contained in an elastic tube was 
examined. The leading edge of an expansion wave can 
be considered to be a ‘small’ disturbance and hence its 
propagation speed can be taken to be the sonic velocity 
in the medium. On the contrary, the propagation speed 
of a shock wave would approach the sonic velocity only 
in the limit of pressure ratio across the shock tending to 
zero. Considering a small disturbance moving in an 
elastic pipe, the following expression for the isothermal 
speed of sound can be derived'^ 




a I lyr 
P f)\a\ tE 


P\ 


1 


( 1 ) 


Here, C is the speed of sound in an elastic tube 
containing a two-phase mixture of void fraction a, P is 
the pressure, f)\ is the liquid density, is the isothermal 
speed of sound in the liquid, r is the tube radius, t is the 
tube thickness, E is the modulus of elasticity of the tube 
material, and y is a constant related to Poisson’s ratio jj, 
by y=l—/i/2 or depending on the tube-end 

conditions. Further, if is the speed in a rigid tube 
(£-► 00 ), then, in terms of C, 







( 2 ) 


Methods 

Experimental facility 

The set-up is basically a vertical column of overall 
height about 9 m. A transparent Perspex tube of 
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50 mm i.d. and 60 mm o.d. makes up 4.57 m. The 
remaining is a brass tube of 50 mm i.d. and 58 mm o.d. 
Two test sections in series have been provided to study 
the influence of tube material on sonic velocity. The top 
of the column is connected to a section which is used to 
generate expansion or compression waves through the 
column. The bottom of the column is connected to the 
electrolysis bubble generator. In the initial experiments, 
it was found that generation of stable bubbly-flow 
regime with a mixing chamber and independent air and 
water supply was quite a difficult task. In view of this, a 
new technique was evolved to generate low-void- 
fraction bubbly-flow regime using the electrolysis 
bubble generator. 

The principle of the electrolysis bubble generator is 
quite simple. It involves generation of gas bubbles by 
electrolysis between two electrodes immersed in the 
liquid column. The important consideration in the 
present application is to generate a substantial volume 
of gas at low enough voltages. Hence the electrode 
configuration had to be evolved accordingly. In essence 
it consists (Figure 1) of a brass base plate carrying 76 
hypodermic needles (no. 23, 30 mm). The plate and the 
combined needles were connected to a DC source, with 
the plate as the negative terminal. The specific 
advantage of this configuration is that the local 
distance between a 'needle’ and the plate is minimized, 
resulting in high current densities for relatively low 
voltages. This would not be the case if, for example, 
only two electrodes are used. To obviate the possibility 
of a short circuit, the underside of the 6-mm brass 
plate was machined to take a Perspex sheet, which was 
secured with epoxy. The brass plate and Perspex sheet 
were drilled through to take the needles. However, each 
needle had to be insulated from the plate and this was 
accomplished by gluing tight-fitting PVC sleeves on to 
the needles. The needles were firmly fixed to the plate 
with epoxy cement, which also eliminated any leakage 


Figure 1. Electrolysis bubble generator in final configuration. 


through the holes. Further constructional details of the 
bubble generator may be found in Arakeri et al^ 


Instrumentation 


Signals from piezoelectric pressure transducers were 
used to obtain the sonic velocity data presented here. 
Two transducers were mounted on the Perspex section 
of the column 2.403 m apart. The signals were stored on 
two channels of a digital storage oscilloscope. The 
oscilloscope used had the facility to examine the signal 
characteristics prior to and after trigger point. This is a 
very useful feature in the present application. A typical 
stored signal is shown in Figure 2; the points at which 
the pressure levels start to fall can be clearly seen. In 
the photograph shown, the time delay between the 
points where pressure starts to fall is 4 ms and its 
accuracy can be claimed to be within ± 1.25%. This 
directly translates to an accuracy of ±1.2% in sonic 
velocity inferences in the Perspex section. The ac¬ 
curacies in the measurement in the brass section are 
also of the same order. 

The value of the void fraction, a, was obtained by 
measuring the static pressure difference over a distance 
of 2.403 m in the Perspex section. With certain 
approximations (like pg« pj), it is possible to show that 
a is given by 


Ap/?i 


Here, Ap is the pressure difference between the two 
points in the column due to the presence of bubbles, 
7 i the weight density of the liquid, and h the distance 
betw'^en the two points of measurement. A sensitive 
ind Jtive pressure transducer along with its electronics 


Figure 2. A typical stored signal on the digital storage oscilloscope 
screen. Perspex tube, a = 0, vertical scale = 0.1 V/div., sweep =1 ms/div. 
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was used to measure the values of Ap. The pressure¬ 
measuring system was appropriately calibrated and was 
able to measure Ap values corresponding to fraction of 
a millimetre of water column. One of the problems 
associated with the accuracy was drift in the reading; 
but by studying its characteristics carefully it was 
possible to obtain results that were very reasonable, in 
the sense that for sufficiently low values of current there 
was linear relationship between current and void 
fraction. 

Theory of two-phase flows 

It is interesting and useful to analyse the performance 
of the electrolysis bubble generator on the basis of drift 
flux theory for two-phase flows. The basis of this theory 
is contained in Wallis^, The drift flux, 721 , is defined as 

72i = <^2ia(l"“a), (4) 

where U 21 is the relative velocity between the phases 

and a is the void fraction. The drift flux 721 is related to 
the individual fluxes 7\ = <2iMc 72 ~ 2 g/^c by 

;2i=(l‘~a)72-a7\, (5) 

where is the cross-section of the tube used and 

Q\ and are the volumetric flow rates of the liquid 

and gas respectively. In the present case 2i = 0 (i.e., 
bubbles are rising through a stagnant liquid column) 
and hence 7 i= 0 , and also we are interested in the 
conditions where a«l. Hence 

jzi -iz- ( 6 ) 

Empirically 7*21 is known to have the behaviour 

^ = a(l-ar, (7) 

where l/„, is the terminal velocity of a single bubble in 
infinite fluid medium and n is a constant. Again 

restricting ourselves to small a values, we get 


The terminal velocity LJ^ can be obtained by considering 
a force balance on the bubble. Assuming the drag 
coefficient of a bubble to be the same as for a spherical 
solid particle (this assumption is valid if Re^ = U^djv 
is less than about 30), the following equation results*: 

24Ke^(l+0.151?er®^)=^^. (9) 

Here, Re^ is the bubble Reynolds number defined 
above with the bubble diameter, g the acceleration 
due to gravity, and v the kinematic viscosity of the 
liquid. For a given bubble size the above can be 
used to obtain U^. Since 721^727 we obtain, from our 


earlier expression for 7*21 and definition of 72 , 

_eg 1 


In the present case Qg refers to the volume of hydrogen 
gas liberated and can be estimated by applying 
Faraday’s law^ to the electrolysis process. By doing 
this, the following expression for a results: 


3.22x10 ^x/(amps) 

^co(cm/s) 


( 11 ) 


with Ac in the present experiments being 19.64 cm^. 
From the above, for different bubble sizes a linear 
relationship between a and / is predicted and is 
quantitatively shown in Figure 3. Also shown are 
results of measured a versus the current I and it can be 
seen that prediction agrees well with the measured 
behaviour for 4^ = 0.2 mm. In fact, magnified photo¬ 
graphs of the bubbles did show a size very close to this 
value. Therefore, here we have a device whose 
performance can be predicted quite accurately from 
basic considerations. It is worth noting that for d^, of 
0.2 mm the Re^ value is 3.4, and hence our assumption 
of drag of a bubble of this size being equal to the drag 
of a solid particle of the same size is quite accurate. 


Sonic velocity measurements 

As noted earlier, the sonic velocity measurements were 
based on storing the pressure signal from a pair of 
transducers in the relevant test section with the help of 
a digital storage oscilloscope. The variation of measured 
sonic velocity in the brass and Perspex test sections as a 
function of void function is shown in Figure 4. The 
scatter in the data for the case of a = 0 with the brass 



I (amp) 


Figure 3. Predicted and observed performance of the electrolysis 
bubble generator. 
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Figure 5. Comparison of present sonic velocity measurements with 

Fifiure 4. Variation of measured sonic velocity on void fraction and those of Silberman’. 
tube material. Also shown are theoretical results based on isothermal 


and homogeneous approximation. 


is some uncertainty in the value of y to be used, but use 
of extreme values showed an effect of 0.1% for brass 


test section is due to the fact that it is very difficult to 
ensure that all the free gas has been removed m a liquid 
sample. The scatter is not an indication of the accuracy 
of the measurements; as pointed out earlier, this is 
better than 2%. The a values indicated are average 
values over the section of measurement. However, since 
the pressure decreases as we go up the column, the gas 
bubbles expand and hence there is a variation of a in 
the vertical direction. If it is assumed that gas expands 
isothermally, it is a simple matter to arrive at the 
change in a due to height variation. Over the test 
section height of the present experiments, if a is the 
value at the centre, then at the bottom a will be lower 
by about 6% and at the top it will be higher by the 
same amount. Thus the variation in a can be ±6%. 

The results shown in Figure 4 correspond to an 
average temperature of 24°C and an average pressure of 
1.1 bar in the brass test section and 1.3 bar in the 
Perspex test section. It is clear from the results that, in 
the brass test section, sonic velocity is a very sensitive 
function of a at low void fraction values, whereas, in the 
Perspex section, it is not very sensitive. Therefore, some 
velocity at low void fractions is strongly dependent^on 
tube material properties, as predicted by Mori et al.^ 

Comparison with theory, other results 

The present experimental results have been compared 
with the theoretical predictions on the basis of eq. (1). 
The assumption of isothermal expansion of gas bubbles 
at low void fractions can be justified since the two- 
phase mixture consists mostly of liquid. In theoretical 
computations, the value of Poisson s ratio fi was taken 
to be 0.36 for brass and 0.5 for Perspex, and the corres¬ 
ponding values for E were 100 GPa and 3.3 GPa. There 


and about 2% for Perspex. Similarly, the mean pressure 
P also varies over the test section length and, again, use 
of extreme values shows an effect of about 4% for 
brass, whereas a significantly smaller effect is predicted 
for Perspex. Therefore the major uncertainty is still 
associated with the variation of a over the column 
height of the individual test sections. On the basis of 
average properties, the theoretical predictions are in 
excellent agreement with the measurements and this is 
apparent from the comparison shown in Figure 4. 

The corrected results for the brass section on the 
basis of eq. (2) are compared with earlier measurements 
of Silberman" in Figure 5. The comparison shows good 
agreement with the general trends of dependence of 
sonic velocity on void fraction. The overall good 
agreement is however marred by the higher sonic 
velocities measured by us in the void fraction range o 
3x10“'^ to 4.5xlQ-^ This aspect needs to be 
examined further since the discrepancy was seen for 
three void-fraction values in that range and cannot be 
associated with scatter in the data. 


Concluding remarks 

The electrolysis bubble generator developed presently 
can be a powerful tool for two-phase-flow studies at 
low void fraction. It has the necessary flexibility for 
controlled experimentation; in addition, its performance 
can be predicted from basic considerations. In the 
present experimental study, the device has been utilized 
to measure sonic velocity in the void-fraction range oi 
0.9 X 10"'*' to 10"^. The results in the two test sections 
show that sonic velocity in this void-fraction range is a 
very sensitive function of tube elasticity and void 
fraction. The measured values agree well with theoretical 
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predictions based on isothermal and homogeneous 
approximations. 
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Some characteristics of point discharge 
current during two pre-monsoon season 
thunderstorms at Pune 

G. K. Manohar, S. S. Kandalgaonkar and 
S, M. Sholapurkar 

Indian Institute of Tropical Meteorology, Ramdurg House, University 
Road, Pune 411 005, India 

Measurements of point discharge current were made at 
Pune during two pre-monsoon season thunderstorms of 
1987 and 1988. The monthly distribution of the number 
of days of thunderstorms in the pre-monsoon months of 

1987 was seen to vary from that of 1988 though the total 
number of seasonal thunderstorm days on both occasions 
were equal. The daywise features of point discharge 
current on the days of thunderstorm during 1987 and 

1988 are presented. Normalized frequency distribution of 
spells and diurnal time duration of point discharge 
current and the values of charge received by the earth are 
also presented. 

During the periods of thunderstorms when strong 
electric fields exist, transfer of negative/positive charge 
to the earth through point discharges from the surface 
irregularities takes place. Among conduction current, 
precipitation current, lightning and the point discharge 
current which contribute to the transfer of charge to the 
earth, the point discharge current plays a prominant 
role since its single contribution to the charge transfer 
is markedly higher than those of the rest^ Further, the 
studies^"made of the ratio of negative to positive 
charge transferred to the earth by point discharges 
indicate that it is varying in the range 1.3 to 2.9. These 
studies indicate that, perhaps, this ratio is greater in 
tropical and subtropical regions than in the temperate 
regions. Also, since the total number of daily 
thunderstorms taking place all over the earth’s 


surface is 44x10^, the importance of the process of 
point discharge current in the transfer of charge to 
earth as well as for the global electric budget becomes 
much more evident. 

It has been reported that the separation between 
charge centres of a thundercloud due to strong wind 
shears can extend up to 100 km. Thus the positive 
charge centre is out on its own ahead of the storm and 
discharges to ground take place directly. Asuma et 
confirmed the earlier views that point discharges at 
ground level modified ground-level electric field and 
enhanced the mirror-image effect at the surface more 
than above. Studies have indicated that thunderstorms 
often originate in preferred regions of topography and 
initiation sites tend to cluster into identifiable geographic 
locations or genesis zones. Imyanitov^^ showed that 
electrical properties of thunderclouds differ appreciably 
from those which were supposed earlier and he 
established the existence of thunder phenomena even in 
the stratiform clouds. 

Several investigators have taken an account of the 
negative to positive charge ratio and the net balance 
charge received by 1 km^ area of the earth by point 
discharges in thunderstorm situation for subtropical"^ 
and tropical^" ^ ^ regions. Even considering the impor¬ 
tance of the subject, we have carried out a study of the 
observations of point discharge current at Pune 
(18°32'N, 73°5rE, 559m asl) during pre-monsoon 
seasons (March-June) of 1987 and 1988. The results are 
presented here. 

The point discharging element consisted of a 
platinum/10% iridium needle 0.5 mm in diameter and 
about 2 cm long erected at a height of 14 m above the 
ground level. Current through the needle was carried by a 
coaxial cable and fed to an operational amplifier 
system. The output was given to an 1 mA strip chart 
recorder run at 1 cm per minute and a continuous 
record of point discharge current was obtained. The 
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instrument was calibrated in the laboratory. The 
measurable range of current was 0.05 to ±4.50 juA. The 
electronic system is described in detail elsewhere^ 

There were 11 and 10 thunderstorms during pre¬ 
monsoon seasons (March~June) of 1987 and 1988 
respectively. During the activity of thunderstorms, point 
discharge current occurred quite often. Spells of current 
used to be both positive/negative. For each such spell of 
current, duration in minutes and the time in 1ST were 
noted. 

One minute interval values of point discharge current 
from the continuous records have been used for 
analysis. For each spell of either polarity, the mean 
value of point discharge current per spell was found. 
The spellwise mean values of either polarities during a 
day were used to find daily average current of either 
polarity by the weighted average technique. Tables 1 
and 2 give details of dates of thunderstorms, daily total 
duration (in min, T±), daily average current (± //A), 
charge flown to the earth (± mC) through point 
discharge current for pre-monsoon thunderstorm dates 
for both seasons respectively. Tables 1 and 2 also give 
seasonal net duration, net average current, monthly and 
net seasonal charge flown to the earth for both seasons. 

Frequencies of durations of spells of current of either 
polarity were also found by considering individual spell 
durations in the range 0-10, 11-20, 21-30, ...,>90 min. 
Total spell duration in each range was expressed as 
percentage of the net duration for either polarity 
seasonswise (Table 3). Also, by considering actual 


timing (1ST) of individual spells of either polarity, time 
occupied during each hour (1300-1400, 1400-1500 h, 
etc.) was found and expressed as percentage of the 
seasonal total time for either polarity (Table 4). 

It is seen from the Tables 1 and 2 that the monthly 
distribution of thunderstorm days in April, May and 
June of 1987 and 1988 was different, being 0/7, 6/1 and 
5/2 respectively. As such, these days were compared 
with the monthly normal^® thunderstorm days for 
Poona. This comparison also showed noticeable 
excess/deficit in the number thunderstorm days during 
the months of the sarhe season for 1987 and 1988. In 
view of the above differences it was thought appropriate 
to give figures of the positive and negative charges 
received by the earth during these months in addition 
to the seasonal values which are given in Tables 1 and 
2. Analysis of the spell durations and the. diurnal time 
occupied by the point discharge current was also done. 

A comparison of the data for seasonal positive charge 
(Tables 1 and 2) received by the earth in 1987 and 1988 
shows that it was +31.51 mC in 1987 and + 16.14 mC 
in 1988. Similarly the seasonal negative charge received 
was -19.09 mC in 1987 and -21.79 mC in 1988. In 
the pre-monsoon season of 1987 the thunderstorms 
were in May and June whereas in 1988 majority of 
them were in April. The seasonal ratio of negative to 
positive charge in 1987 was 0.61 and in 1988 it was 
1.35. 

Analysis of the frequency distribution of spell 
durations of point discharge current of both polarities 


Table 1. Daily statistics of point discharge current of either polarity on the days of thunderstorms during prc~monsoon season of 1987 

at Pune. 


Date of 
thunder¬ 
storms 

Daily total 
duration of 
positive pdc 
(in min, T +) 

Daily av. pdc 

( + kA) 

Charge flown to 
the earth 
(4-mC) 

Daily total 
duration of 
negative pdc 
(in min, T-) 

Daily av. pdc 

(-M) 

Charge flown to 
the earth 
(-mC) 

15.5.’87 

58 

0.62 

2.16 

43 

0.27 

0.70 

21.5.’87 

16 

0.61 

0.58 

91 

1.05 

0.57 

23.5.’87 

42 

0.31 

0.78 

62 

0.62 

2.31 

24.5.’87 

306 

0.57 

10.46 

45 

0.44 

1.19 

26.5.’87 

130 

0.61 

4.76 

95 

0.99 

5.64 

27.5.’87 

85 

0.71 

0.36 

15 

0.30 

0.27 

01.6.’87 

44 

0.36 

0.95 

66 

0.51 

2.02 

25.6.’87 

74 

0.69 

3.06 

30 

0.74 

1.33 

26.6.’87 

50 

0.47 

1.41 

130 

0.42 

3.28 

27.6.’87 

43 

0.36 

0.93 

56 

0.32 

1.07 

28.6.’87 

190 

0.53 

6.04 

28 

0.42 

0.71 

Total days 

Seasonal 



Seasonal net 



of thunder¬ 

net duration 

Net av. 

Charge 

duration 

Net av. 

Charge 

storms 

in minutes 

current 

in May 

(in min) 

current 

in May 

11 

1038 

0.53(0.13) 

+19.12 

661 

0.55(0.26) 

-10.68 




Charge 



Charge 




in June 



in June 




4-12.39 



- 8.41 



Net seasonal 

+ 31.51 


Net seasonal 

-19.09 



charge 



charge 



Ratio of net seasonal negative charge to net sc:j^ui\al po itive charge ==0.61. 
Figures in parentheses indicate standard deviation. 
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Table 2. Daily statistics of point discharge current of either polarity on the days of thunderstorms during pre-monsoon season of 1988 

at Pune. 

Date of 
thunder¬ 
storms 

Daily total 
duration of 
positive pdc 
(in min, T+) 

Daily av. pdc 

(+M) 

Charge flown to 
to the earth 
(-FmC) 

Daily total 
duration of 
negative pdc 
(in min, T-) 

Daily av. pdc 
i-fiA) 

Charge flown to 
the earth 
(-mC) 

08.4.^88 

123 

0.17 

1.26 

Nil 

Nil 

Nil 

09.4.’88 

in 

0.33 

2.20 

133 

0.51 

4.07 

12.4.’88 

90 

0.13 

0.70 

12 

0.21 

0.15 

13.4.’88 

77 

0,58 

2.68 

137 

1.14 

9.37 

22.4.’88 

30 

0.22 

0.40 

Nil 

Nil 

Nil 

24.4.’88 

148 

0.38 

3.37 

28 

0.59 

0.98 

27.4.’88 

25 

0.47 

0.70 

118 

0.44 

3.12 

03.5.’88 

43 

0.63 

1.63 

62 

0.38 

1.41 

07.6.’88 

78 

0.50 

2.34 

77 

0.30 

1.39 

12.6.^88 

36 

0.41 

0.86 

80 

0.27 

1.30 

Total days 

Seasonal 



Seasonal net 



of thunder¬ 

net duration 

Net av. 

Charge 

duration (in 

Net av. 

Charge 

storms 

(in min) 

current 

in April 

min) 

current 

in April 

10 

761 

0.38(0.16) 

+ 11.31 

647 

0.48(0.28) 

-17.69 




Charge 



Charge 




in May and 



in May and 




June 



June 




+ 4.83 



- 4.10 



Net seasonal 

+ 16.14 


Net seasona' 

-21.79 



charge 



charge 



Ratio of net seasonal negative charge to net seasonal positive charge = 1.35. 
Figures in parentheses indicate standard deviation. 


Table 3. Frequency distribution of spell durations of point discharge current of either polarity 
for the pre-monsoon thunderstorms at Pune. 

Class intervals (in min) of the spell durations of PDC 
(FIO 11-20 21-30 31-40 41-50 51-60 61-70 71 80 81-90 >90 


Year Normalized frequency distribution 


Positive 

1987 

5 

15 

7 

10 

12 

12 

6 

8 

8 

17 

PDC 

1988 

5 

35 

11 

8 

5 

15 

— 

10 

11 

— 

Negative 

1987 

18 

24 

12 

11 

14 

8 

— 



12 

PDC 

1988 

4 

19 

4 

22 

06 

17 

— 

12 

— 

15 


PDC, Point discharge current. 


Table 4. Diurnal variation of percentage time occupied by point discharge current of either polarity during pre-monsoon season 

thunderstorms of 1987 and 1988 at Pune. 

Diurnal hours 

1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 0100 0200 0300 0400 0500 0600 
1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 0100 0200 0300 0400 0500 0600 0700 


Time occupied (in min) expressed as 

Year percentage of the seasonal total time of PDC 


Positive 

1987 

6 11 

19 

22 

11 

7 

11 

4 

1 

1 

3 

1 ~ 1 — — — 1 

PDC 

1988 

— 1 

16 

13 

17 

25 

11 

6 

1 

5 

2 

1 — 

Negative 

1987 

— 6 

12 

24 

12 

11 

7 

3 

2 

5 

3 

6 7 2 — — — 1 

PDC 

1988 

— 

4 

1 

21 

34 

15 

3 

10 

5 

7 



Pix:, Point discharge current. 


is shown in Table 3. In 1987 positive current durations 
^50 min contributed 50% of the total time for positive 
current duration whereas in 1988 positive current 
durations ^30 min contributed 50%. Similarly in 1987 


negative current durations <40 min contributed for 
65% of the total time for negative duration whereas in 
1988 negative current durations >40 min contributed 
for 50% of the total time. 
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By considering actual timings (1ST) of individual 
spells of either polarity, time occupied during each hour 
interval (1300-1400, 1400-1500, etc) was found and 
expressed as percentage of the seasonal total time 
(Table 4). It is noticed that 72 to 87% of the total 
duration of point discharge current was limited up to 
2000 h during both seasons. However on looking for 
the activity beyond mid-night hours (2300-2400) we 
notice that during 1987, 19% of time for negative 
current and 6% of time for positive current was 
occupied and the activity lasted untill early morning 
hours. Such a feature was not noticed during 1988 
season. The extreme edge of diurnal activity of point 
discharge current in 1988 was up to 0000-0100 h. 

The above results suggest that thunderstorms in 
May-June contributed for excess positive charge than 
negative charge, and thunderstorms in April contributed 
for excess negative charge. In 1987 longer durations of 
positive current prevailed than those of negative and in 
1988 the reverse was noticed. During 1987 an 
appreciable duration of point discharge current persisted 
even beyond mid-night hours unlike in the year 1988. 
However, since the above results are based on limited 
observations these inferences should be taken with suffi¬ 
cient reservation and detailed verification is necessary 
from future works. 
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Study of rapid reactions by the steady 
state principle: kinetics of the reaction 
between vitamin C and iodine in 
aqueous solution 

T. S. Rao, M. M. Murhe, R. B. Dabke and 
T. Harikrishna 

Department of Chemistry, University of Poona, Pune 411 007, India 

The kinetics of the rapid reaction between vitamin C and 
iodine has been studied by the steady state principle in 
which iodine is produced at a known rate by the 
persulphate-iodide reaction and is simultaneously con¬ 
sumed by vitamin C. The effective concentration of 
iodine during the steady state, which is very low, is 
measured from its redox potential at a platinum 
electrode. Vitamin C reacts rapidly with iodine and at 
25°C the specific reaction rate is 8.18 x 10^ s“^ 

The frequency factor is 1.82 x 10^^ M" ^ s" \ the energy 
of activation is 53.1 kJ mol and the entropy of 
activation is -37.7 J moP^ deg“^ 

Vitamin C (t-ascorbic acid) has been known since long 
as an effective reducing agent which has found broad 
applications in polarographic analysis^ and medicinal 
chemistry"^’It is an ene-diol y-lactone in which the 
strong reducing property depends upon the loss of 
hydrogen atoms from the hydroxyls on the ene-diol 
carbons. 

Vitamin C reacts quantitatively with iodine according 
to the equation 

OH OH 



+ l2 


-h 2H'^ + 2I' 


In this work iodine is present mostly as the tri-iodide 
ion, I"^, but for simplicity it is represented as U- 
The reaction occurs rapidly and, surprisingly, the 
kinetics of the reaction has not been reported in the 
literature. The usual spectrophotometric technique for 
the study of rapid reactions is of limited use in the 
present case because at low concentrations of the 
reactants needed for such technique, the absorption due 
to iodine is too low for accurate measurements. Hence 


=C C— H 

^CHOH 

1 

CH2OH 


o=c 


^ // 
/“v 


^CHOH 


-H 


CH2OH 
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in the present work the kinetics of the reaction has been 
studied by the steady state principle. 

In this technique instead of mixing vitamin C and 
iodine and then trying to follow the course of the 
reaction, the iodine is produced in situ at a controlled 
rate by the well-known persulphate-iodide reaction^ 
and is simultaneously consumed by vitamin C, leading 
to a steady state. In the reaction 

S20i"+2r 2SOr+l2 (2) 

the rate of production of iodine can be determined from 
the specific reaction rate and the concentrations of the 
reactants. Now, if, in this system, a low concentration of 
vitamin C is present, since it reacts rapidly with iodine, 
a steady state is attained wherein the rate of production 
of iodine 

^=/c2CS20i-][r] (3) 

and its rate of consumption 

-^^fcCIzl.CCaHsO,] (4) 

are- balanced. The effective concentration of iodine 
[1 2 ]* at the steady state, which is very low, is estimated 
from its redox potential. It is then possible to determine 
the specific reaction rate of the vitamin C and iodine 
reaction as explained later. 

This technique presumes that the vitamin C reacts 
only with iodine and not directly with persulphate. In 
separate experiments it had been observed that the 
concentration of vitamin C remained significantly the 
same even in the presence of persulphate as shown by 
its polarographic oxidation wave. 

Analytical reagent grade chemicals (BDH/E.Merck/ 
Sarabhai) and double distilled water were used to 
prepare all the solutions. The following stock solutions 
were prepared: A, 0.040 M K 2 S 2 O 8 ; B, 0.16 MKI; 
C, 0.002 M CeHgOe. 

Twenty ml of A and 10 ml each of B and of C were 
pipetted out into separate beakers and placed in 
thermostat at 25°C. A bright platinum foil electrode 
(1 cm^) and a SCE were placed in B. To this 20 ml of A 
was added, a stop-watch was started simultaneously 
and then 10 ml of C was added. The EMF was 
measured with an AGRONIC-DPM electronic volt¬ 
meter after stirring the mixture and at intervals of 
10 sec for about 3 min. The EMF was plotted versus 
time and the linear curve was extrapolated to zero time. 
This is advantageous because at zero time the con¬ 
centrations of various reactants are known accurately. 
From this, one could obtain the effective concentration 
of iodine at that instant. 

The effective concentration of iodine at zero time was 
evaluated from a calibration curve obtained as follows. 
Several iodine solutions in the concentration range 



Time/s 

Figure 1. Redox potentials of iodine/iodide system under steady 
state condition. Temperature = 25°C 

from 10 "'‘‘M to 10 “'’'M were prepared in solutions 
containing 0.040 M KI and 0.020 M K 2 SO 4 . The latter 
provided the same ionic strength as K 2 S 2 O 8 in the 
actual reaction mixture. The redox potentials of these 
solutions were measured using the same platinum 
electrode and SCE. Based on Nernst equation the redox 
potentials were plotted versus log [ 12 ] and as expected 
a straight line was obtained. From this calibration plot 
one could evaluate the effeetive concentration of iodine 
at the steady state from the measured redox potential. 
From these results the specific reaction rate was 
determined, as explained later. 

Similar studies were carried out at various tempera¬ 
tures in the range 15°C to 40°C for steady state 
measurements, rate of production of iodine and 
calibration. From these results the activation parameters 
of the reaction were evaluated. 

The specific reaction rate for reaction (2) determined 
by the conventional way was found to be 3.22 x 10 “^^ 
M“^ s“^ Hence the rate of production of iodine, from 
equation (3) was 3.22 x 10“^ x 0.02 x 0.04 = 2.58 x 10“^ 
Ms“^ since the concentrations of persulphate and 
iodide were 0.02 M and 0.04 M respectively. The redox 
potential due to effective concentration of iodine at the 
steady state [I 2 ]* obtained by extrapolation of EMF 
versus time (Figure 1) was observed to be 165 mV. 
Hence from the calibration curve (Figure 2) the effective 



log [^12] 

Figure 2. Redox potentials of iodine/iodide system at various 
concentrations of iodine. Temperature = 25®C. 
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concentration of iodine was 6.31 x 10M. Since at the 
steady state the rates of production and consumption of 
iodine are balanced, 

fez [SzOi-] [r ]==fc [l2> [CeHgOJ. (5) 

The left hand side of the equation has been shown to 
be 2.58 X 10“^ M s”^ Substituting for this in equation 
( 5 ) 

2.58 X 10-^ M s-^ = A X 6.31 x 10“^ M x 5 x 10"^ M 

where 5xl0~'^M was the concentration of vitamin C 
in the reaction system. Hence 

2.58x10"^ 

^“"6.31 X 10“^ X 5x10'^ 

= 8 . 18 xl 0 ^M“'s'^ 

From the results of similar measurements at various 
temperatures and from the Arrhenius plot, the energy of 
activation for the reaction was evaluated to be 
53.1 kJ molThe frequency factor at 25'’C was 
1.82 X 10^^ M"^ s”^ and the entropy of activation was 
-37.7JmorMeg”’^ 

Limits of error. It is evident in this technique that the 
accuracy of determination of the specific reaction rate, 
fc, depends much upon the accurate determination of 
the effective concentration of iodine at the steady state 
evaluated from its redox potential. The other factors 
affecting the specific reaction rate can be controlled with 
greater precision. Since the redox potential due to 
iodine .at the steady state is reproducible to ± 1 mV, the 
error in the determination of the effective concentration 
of iodine at the steady state is about ±6% and hence k 
values have an error of this magnitude. 

It may be mentioned that although S208'/S04” 
has a redox potential greater than that of 12 /!'“, yet, the 
former does not give rise to a reversible electrode^ and 
therefore it is only the redox potential due to I 2 /I" 
which is being measured at the steady state. 

In the present work the objective was to determine 
the specific reaction rate of a rapid reaction by applying 
the steady state principle and no particular efforts have 
been made to investigate the mechanism of the reaction. 
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Forms and distribution of potassium 
element in salt-affected aridisol 
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Two typical salt-affected soils were investigated for 
different forms of potassium. The available K was only 
0.8-3.4% of the total soil K. The Gibb’s free bonding 
energy indicated strong preference of K to Na in the 
K-Na system. The surface layer showed preference to K 
while the lower layers showed preference to Ca in the 
K-^a system. The relative stability diagram showed that 
K-feld$par is the stable phase followed by mica. The sand 
contributed highest K to the soil followed by silt and clay. 
The mica increased while K-feldspars decreased with the 
decrease in particle size. The fluctuating water table also 
played a vital role in the K distribution in the soil. 

Potassium is found in most of the soils in varying 
amount depending on the weathering conditions and 
stage of soil formation^ The forms and distribution of 
potassium and content of potassium-bearing minerals 
of salt-affected soils may provide the much-needed 
information about the degree and stage of weathering, 
soil formation, potassium supplying power of soil and 
their management. The present study was, therefore, 
made to assess different forms of potassium in soil and 
soil fractions of typical salt-affected soils of Banaskantha 
district, Gujarat. 

Two typical salt-affected pedons belonging to Typic 
Natrargids (Taluka Deodar) and Aquic Natrargids 
(Taluka Santalpur) were exposed for collection of 
horizon samples. The morphology, particle size distribu¬ 
tion and particle fractionation have been reported 
elsewhere^. The water soluble and exchangeable K were 
determined by the procedure outlined by Richards^; the 
fixed K and total K in soil and soil separates by the 
methods of Jackson"^, and the lattice K from the 
difference between the total K and the sum of water 
soluble exchangeable and fixed K. The feldspars K and 
mica K in soil separates were determined after sodium 
pyrrosulphate fusion^. The mean free bonding energy 
between K and Na was calculated according to 
Marshall^. 

The data in respect of forms of K, content of K in 
soil fractions and Gibbs free energy of exchange 
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between K and Na and Ca and Na are presented in 
Table 1. The water soluble K ranged from 0.65 to 
7.62 mg/100 g. Higher concentration of water soluble K 
was noticed in the upper 46 cm in case of Typic 
Natrargids while no definite trend with depth in its 
distribution could be seen in case of Aquic Natrargids, 
A low rainfall of about 400 mm per annum could not 
completely leach the soluble K to lower depth in the 
previous case. However, a fluctuating water table 
resulted in an uneven distribution in the later case. The 
results are in line with the findings of Choudhari and 
Jain^ who attributed climate to be the governing factor 
in profile distribution of water soluble K in soils of 
Rajasthan. 

The exchangeable K varied from 5.1 to 26.1 mg/100 g 
and contributed only 0.7-3.1% of the total K present in 
the soil. The available K (sum of water soluble and 
exchangeable) was only 0.8-3.4% of the total soil K. 
Thus most of the potassium was in unavailable form. 
The content of exchangeable form was highest in the 
upper soil layers. This may be attributed to the low 
rainfall resulting in arid conditions coupled with less 
weathering of primary minerals®. Among the soil 
fractions, sand contributed the maximum K in the 
Typic Natrargids while silt and clay did so in the case 
of Aquic Natrargids. These results agree with those of 
Maheswari and Sekhon^ who stated that K content is 
mainly a function of particle size distribution at various 
depths and partly of K content of the various size 
fractions. 

The Gibb’s free energy (A G°) of exchange between K 
and Na was calculated for depicting the tendency of the 
soils systems to undergo exchange. The AG° values 
ranged between -513.0 and - 1874.1 Jmol”^ at 298°K. 
The negative values indicated a strong preference of K'*’ 
ions relative to Na"^. The AG"* values for K-Ca 


exchange ranged from -558.6 to +737.7 J mol" ^ K”^ 
The negative values were seen in the upper two 
horizons of Typic Natrargids and up to 100 cm depth 
in case of Aquic Natrargids. The greater negative values 
on the surface would indicate that the driving force for 
the overall process of ion exchange and K ion selectivity 
was greater in the surface horizon in case of Typic 
Natrargids and up to 100 cm depth in the Aquic 
Natrargids. This may be ascribed to a lower clay content 
in the upper horizons causing K reactions to occur 
more easily with less diffusional resistance^Jardine 
and Sparks also noticed positive AG° values for 
K-Ca exchange due to organic phase of the soil and 
due to particle size. 

The stability diagram of phases in the K 2 O-AI 2 O 3 - 
Si 02 -H 20 system at 298°K and 0.1 MPa pressure as 
functions of (K“')/(H'*') and (H 4 Si 04 ) is presented in 
Figure 1. 

Due to arid climate very little weathering of K- 
feldspar is possible and therefore K-feldspar is the 
stable phase in these soils. K-mica is stable phase only 
at 46-71 cm and below 112 cm depth in case of Typic 
Natrargids. 

A fluctuating water table coupled with a slightly 
lower pH and low pK (high activity) resulted in 
stability of K-feldspars, since mica is stable only at high 
pH and low 

In both the pedons increase in mica content coupled 
with decrease in feldspar followed the decrease in 
particle size. This may be due to enhanced rates of K*^ 
exchanged from interlayers by shorter diffusion paths as 
well as by larger specific surface^ ^ Although the 
stability diagram (Figure 1) indicates relative K-feldspar 
stability in these soils, increase in mica with reduction 
in particle size suggest their susceptibility to weathering 
under suitable environment. The increase in mica with 


Table 1. Forms of K, K content of soil fractions, ana free bonding energy between K-Na and K-Ca. 


Depth 

(cm) 

W.S 

Forms of K mg/100 g soil 



K content (%) 


Free bonding energy 
JK-' mo|-‘ 

Exch. 

Fixed 

Lattice 

Total 

Sand 

Silt 

Clay 

Soil 

K-Na 

K-Ca 

0-10 

7.0 

12.5 

136.5 

794.0 

950 

1.02 

1.03 

1.05 

0.95 

-869.1 

-559.0 

10-23 

3.5 

17.9 

120.9 

757.7 

900 

0.98 

0.98 

1.00 

0.90 

-1874.1 

- 80.3 

23-46 

2.0 

15.6 

117.0 

715.5 

850 

0.93 

1.03 

0.91 

0.85 

-1021.4 

28.0 

46-71 

0.8 

14.4 

113.1 

691.7 

820 

1.07 

0.95 

0.91 

0.82 

-1429.3 

41.8 

71-87 

0.8 

10.9 

113.1 

735.2 

860 

1.31 

1.03 

0.81 

0.86 

- 1021.4 

211.7 

87-112 

0.8 

9.8 

105.3 

5.54.3 

670 

0.93 

1.03 

0.86 

0.67 

- 886.6 

112.6 

112-140 

0.8 

9.0 

97,5 

522.8 

630 

1.17 

0.87 

0.96 

0.63 

- 1102.1 

43.1 

140-170 

0.7 

9.0 

97.5 

472.9 

580 

0.93 

0.85 

0.91 

0.58 

-1047.7 

31.4 

0-9 

2.3 

26.1 

148.2 

653.3 

830 

0.93 

1.31 

1.00 

0.83 

-1149.4 

- 38.9 

9-24 

3.9 

20.3 

140.4 

585.4 

750 

0.84 

1,08 

0.95 

0.75 

-1070.3 

-246.0 

24-40 

5.1 

20.3 

128.7 

645.9 

800 

1.02 

1.12 

0.91 

0.80 

-1180.4 

-304.6 

40-55 

2.3 

21.8 

120.9 

514.9 

660 

1.02 

0.89 

0.86 

0.66 

-1271,2 

-420.5 

55-77 

2.7 

7.0 

117.0 

593.3 

720 

1.12 

0.94 

0.91 

0.72 

- 431.8 

-474.9 

77-100 

2.7 

7.0 

113.1 

587.2 

710 

0.93 

1.03 

1.00 

0.71 

- 513.0 

-534.3 

100-134 

2.0 

6.2 

109.2 

652.6 

770 

0.93 

1.08 

0.91 

0.77 

-1208.4 

210.0 

134-158 

2.0 

5.5 

105.3 

637.3 

750 

0.93 

1.12 

0.91 

0.75 

-1125.1 

102.1 

158-180 

0.9 

5.1 

101.4 

602.6 

710 

0.84 

1.22 

0.96 

0.71 

-1484.6 

737.7 
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iog (H4 SiOa) 

Figure 1. Stability diagram of phases in the KiO-AljOj-SiOj-H^O 
system. 

decrease in particle size was also reported^ in alluvial 
soils of Haryana and Uttar Pradesh. 

The study reveals that aridity of climate and sodicity 
have played a vital role in the distribution of K in the 
soil and different fractions. 
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The haplodiploidy threshold and social 
evolution 

Raghavendra Gadagkar 

Centre for Ecological Sciences and Centre for Theoretical Studies, 
Indian Institute of Science, Bangalore 560 012, India 

Workers in eusocial insect species help in rearing their 
siblings and other genetic relatives instead of producing 
their own offspring. The multiple origins of such 
eusociality in the Hymenoptera have been ascribed to 
haplodiploidy because this genetic system makes a 
female more closely related to her full sisters than she 
would be to her offspring. To test this so called haplodi¬ 
ploidy hypothesis, I first assume that workers are 
capable of investing in their sisters and brothers in the 
ratio that is optimal for them. I then define a 
haplodiploidy threshold as that value of genetic related¬ 
ness between workers and their sisters such that they 
have a weighted average relatedness to the brood they 
rear of 0.5 and thus have the same fitness as solitary 
nesting females. Using 177 published estimates of 
relatedness between sisters in social hymenopteran 
colonies, I show that in 29 out of 35 species studied, there 
is not even one estimate of relatedness that is significantly 
higher than the haplodiploidy threshold. I conclude 
therefore that the multiple origins of eusociality in the 
Hymenoptera cannot be ascribed solely to the genetic 
asymmetry created by haplodiploidy. 

Eusocial insects such as termites, ants and many 
species of bees and wasps exhibit three characteristic 
features namely, overlap of generations, co-operative 
brood care and caste differentiation into fertile 
reproductive castes and sterile worker castesThese 
sterile worker castes present an obvious challenge to 
Darwin’s theory of natural selection^. The seminal 
work of Hamilton"^’^ was the first serious attempt to 
meet this challenge. Hamilton developed the concept of 
inclusive fitness and showed that fitness can also be 
gained by helping genetic relatives in addition to or, 
indeed, instead of producing offspring. 

One reason for the instant appeal of Hamilton’s ideas 
was that the haplodiploid genetic system found in the 
insect order Hymenoptera creates an asymmetry in 
genetic relatedness such that full sisters are more closely 
related to each other (coefficient of genetic relatedness, 
r = 0.75) than a female would be to her offspring, 
(r=0.5). In the light of this, it is striking that eusociality 
is known to have arisen at least eleven times inde¬ 
pendently in the Hymenoptera compared to only twice 
(once in the termites and once in the naked mole rat) 
outside that insect order^’^. This idea that the genetic 
asymmetry created by haplodiploidy can promote the 
evolution of eusociality in the Hymenoptera may be 
termed the haplodiploidy hypothesis. 

There are however at least two hurdles that have to 
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be overcome before the haplodiploidy hypothesis 
becomes plausible. The first is that although hymenop- 
teran females are related to their full sisters by 0.75, 
they are related to their brothers merely by 0.25. A 
hymenopteran worker who rears equal numbers of 
sisters and brothers has therefore no advantage over a 
solitary nest foundress because her average relatedness 
to the brood she rears is equal to 0.5. Trivers and Hare^ 
suggested that this hurdle can be overcome if workers 
discriminate between their sisters and brothers and bias 
their investment in favour of sisters. A combination of 
Fisher’s sex ratio theory^’and Hamilton’s kin 
selection theory'^''^ predicts that a ratio of investment 
between female and male broods which is equal to the 
ratio of relatedness to the two classes of brood is 
evolutionarily stable from the worker’s point of 
view^^“^'\ There is however considerable controversy 
about whether investment is under the control of 
workers and whether workers in fact achieve the ratio 
of investment that is optimal for them^^"^^. 

The second hurdle is that many hymenopteran 
females mate with more than one male, store sperm in 
their spermathecae and produce different patrilines of 
daughters who are related to each other by 0.25 (ref. 
19-22). This again reduces the inclusive fitness that 
workers can potentially gain. Whether the genetic 
asymmetry created by haplodiploidy is by itself 
sufficient to allow workers to have more inclusive 
fitness than solitary foundresses thus depends on their 
relatedness to their sisters and on their ability to skew 
investment in favour of sisters. A number of estimates 
of genetic relatedness between sisters in hymenopteran 
colonies have now been published. However an 
objective test of whether the genetic asymmetry created 
by haplodiploidy by itself can select for worker 
behaviour has not been performed. To test the haplodi¬ 
ploidy hypothesis I first assume that workers are 
capable of investing in their brothers and sisters in the 
ratio that is optimal for them, namely, in the ratio of 
their genetic relatedness to their sisters and brothers. I 
then compute the threshold relatedness to sisters 
required for workers to obtain a weighted mean 
relatedness to siblings of 0.5 and thus break even with 
solitary foundresses. 

The optimum number of females that a worker 
should rear relative to every male reared is given by 
rf/r^ where Vf is her mean relatedness to female brood 
and is the relatedness to male brood. When workers 
successfully skew investment between females and males 
in the ratio their weighted mean genetic 

relatedness to the brood they rear is given by 

^=[(''f>m) + ''m]/[(''f/0+l]- (1) 

In an outbred hymenopteran population where 
workers rear mixtures of sisters and brothers, is 
expected to be 0.25 and the relatedness between a 


solitary nesting female and her offspring is expected to 
be 0.5. 

To thus solve eq. (1) for F=0.5, I rewrite it as 

16rf2-8rf - 1=0. (2) 

Eq. (2) yields a value of 0.604 for rf. This means that a 
genetic relatedness between workers and their sisters of 
0.604 is required if workers are to gain as much fitness 
as solitary individuals inspite of skewing investment 
between sisters and brothers in the ratio that is optimal 
for them. I will call 0.604 the haplodiploidy threshold. 

Most published estimates of genetic relatedness are 
accompanied by standard errors and it is therefore 
possible to ask if these estimates are significantly 
greater than the haplodiploidy threshold. Of 177 such 
estimates (spread over 35 species) of relatedness 
between sisters, only 22 estimates are significantly 
higher than the haplodiploidy threshold (?<0.05). Of 
these, 5 pertain to ants, 4 to primitively eusocial bees 
and 13 to primitively eusocial wasps. Of 20 species of 
highly eusocial hymenopterans studied only three have 
at least one estimate significantly higher than the 
haplodiploidy threshold (Table 1). I conclude from this 
that the genetic asymmetry created by haplodiploidy is 
by itself insufficient to maintain the highly eusocial state. 
Of 15 species of primitively eusocial hymenopterans 
studied only 3 have at least one estimate significantly 
higher than the haplodiploidy threshold (Table 1). I 
conclude from this that the genetic asymmetry created 
by haplodiploidy is by itself insufficient to promote the 
origin of eusociality. 

Thus only 6 out of the 35 species of social hymeno¬ 
pterans studied have at least one estimate of genetic 
relatedness between sisters that is high enough for 
haplodiploidy by itself to select for worker behaviour. It 
is therefore quite unreasonable to ascribe the multiple 
origins of eusociality in the Hymenoptera solely to the 
genetic asymmetry created by haplodiploidy. In 
computing the haplodiploidy threshold I have assumed 
outbreeding. This appears to be reasonable for most 
species used in the analysis. I have also assumed that 


Table 1. A test of the haplodiploidy hypothesis. 


Group 

No. of species for 
which estimates of 
genetic relatfidness 
between sisters, with 
standard errors, are 
available 

No. of species for 
which at least one 
estimate is signifi¬ 
cantly greater than 
the haplodiploidy 
threshold 

Ants 

15 

3 

Vespine wasps 

2 

0 

Swarm-founding 

wasps 

3 

0 

Primitively eusocial 

bees 

2 

1 

Primitively eusocial 

wasps 

13 

2 

Total 

35 

6 
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workers are capable of skewing investment between 
female and male brood in the ratio that is optimal for 
them. This may or may not hold. If it does not, then I 
am giving an unfair advantage to the haplodiploidy 
hypothesis. But that is just as well because it makes my 
falsification of the haplodiploidy hypothesis more 
robust. 
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Effect of dietary citrate in reducing 
housefly resistance to insecticides 

S, B, Hasan, P. G. Deo and S. K. Majumder 

Discipline of Infestation Control and Protectants, Central Food 
Technological Research Institute Mysore 570 013, India 

Toxicity of four insecticides, permethrin, bromophos, 
malathion and lindane, to citric acid-fed houseflies was 
studied up to F 2 generation using topical application. The 
results indicated a gradual fall in LD 50 values of all the 
four insecticides thereby suggesting a role of citric acid in 
reducing insect resistance to insecticides. 

Chemical substances fed to insects through diet have a 
bearing on insect life-span and agility which can alter 


the insect resistance to insecticides. Also marked age 
and stage variations in resistance to insecticides are 
noted in insects. Thus the resistance is negligible in 
embryonic stage, high in larval stage and again low in 
pupal stage. After adult emergence, depending upon the 
species, the resistance increases initially, remains stable 
and declines with age^’^. Since the resistance declines 
with age and an age-associated increase in citric acid 
has been reported in musca and ceralitis^, we decided 
to study the effect of citric acid feeding in altering 
housefly resistance to insecticides. We fed citric acid to 
houseflies through diet up to F 2 generation and studied 
the toxicity of four insecticides, permethrin (Indian 
Explosives), malathion (Cyanamid India) bromophos 
and lindane (E. Merck, India), to these citric acid-fed 


Table 1. Toxicity of four insecticides to citric acid-fed houseflies. 


Insecticides 

Houseflies’^ 

Regression equation 

LD 51 J 

(ng/fly) 

Permethrin 

Normal 

1.1319 + 2.6131 X 

30.0 


Fed CA for 3 days 

y- 0.8021+3.149 X 

21.53 


CA-fed Fj generation 

y= 3.2806 +1.3876 X 

17.35 


CA-fed Fj generation 

y- 0.188 + 5.0305 X 

10.75 

Bromophos 

Normal 

y =0.3323+ 2.145 X 

150.0 


Fed CA for 3 days 

y= 1.6481+ 1.7021 x 

93.15 


CA-fed Fj generation 

y= 1.2128 + 2.1167 X 

61.55 


CA-fed F 2 generation 

y=0.1963 +3.015 X 

39.19 

Malathion 

Normal 

y=2.1718 + 0.8773x 

1674.0 


Fed CA for 3 days 

y= 1.0627+1.3374 X 

878.8 


CA-fed Fi generation 

y=2.2678 +0.9826 X 

603.3 


CA-fed F 2 generation 

y=2.086 +1.1132 X 

.414.6 

Lindane 

Normal 

y= 1.1976+1.1888 X 

1580.0 


Fed CA for 3 days 

y= 1.1835 +1.3136 X 

804.2 


CA-fed Fj generation 

y= 0.7989+1.5512 X 

510.9 


CA-fed Fj generation 

y= 1.3845+1.4225 X 

348.1 


376 


*3 to 4 days old female flies were used. 
CA, Citric acid. 
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flies by topical application. The results of our toxicity 
studies are presented in this paper. 

All insecticides used were of technical grade having 
purity above 90%. Solutions of these insecticides of 
desired strength were prepared in acetone and applied 
topically to 3-4-days-old female houseflies using an 
aglamicrometer syringe as described earlier"^. The 
housefly culture which we are rearing in our laboratory 
for the past 30 years was used for the toxicity studies. 
The normal houseflies were fed citric acid through diet 
( 0 . 1 %) from the day of emergence right up to 
generation. In each generation the toxicity of the four 
insecticides permethrin, bromophos, malathion and 
lindane was tested against 3--4-days-old female flies. 
The results were subjected to probit analysis and from 
the regression equations obtained, LD 50 values were 
calculated. These are presented in Table 1. For citric 
acid determination the flies were homogenized with 5% 
trichloroacetic acid and citric acid was determined by 
colorimetric method of Natelson et al.^ 

Table 1 indicates a gradual fall in LD 50 values of all 
the four insecticides right from the present up to F 2 
generation. This fall in LD 50 values of the insecticides 
was associated with a simultaneous increase in the citric 
acid content of the flies. The citric acid content of the 
normal houseflies was 0.68 //M/g. This quantity increased 
gradually, and in F 2 generation the citric acid content 
was 1.976/zM/g (Table 2), almost 3 times that of 
normal flies. The increase in citric acid content was 
presumed to be due to citric acid feeding. Interestingly, 
when citric acid mixed with the insecticides was applied 
topically to normal flies no significant change in the 
LD 50 values of insecticides was observed suggesting 
that citric acid did not act as a synergist. The other 
changes which were produced presumably due to citric 
acid feeding during the experimental period, were 
delayed egg laying, reduction in the number of eggs 
laid and a slight prolongation of the life cycle. 

The mechanism by which citrate feeding reduces 
insect resistance to insecticides is difficult to explain. 
Zahavi and Tahori^ reported that an age-associated 
citrate increase in houseflies and ceratitis in their work 
was probably due to discrepancy in the rate of citrate 
production and utilization at different stages. Since 
citrate is not acting as a synergist in the present case, 
the decrease in resistance must be due to some 
metabolic changes or hindrance. It is possible that the 


Table 2. Citric acid content of 3-days-old female 
houseflies. 

Housefly 

Citric acid 
/iM/g 

Normal housefly 

0.68 

Fed Citric acid for 3 days 

1.237 

Citric acid-fed-Fj generation 

1.613 

Citric acid-fed-Fj generation 

1.976 


formation of normal metabolic citrate may be suppressed 
due to higher citrate concentration produced by citric 
acid feeding. This will naturally create a sort of 
hindrance or slow down the glycolysis rate thus 
producing less energy than normal for work. The 
ultimate result of this low energy production will be the 
reduced resistance of the insects to insecticides. 

The present finding that dietary citrate reduces 
housefly resistance to insecticides provides useful 
information for pesticide scientists. This suggests that 
the development of resistance by insects to insecticides 
may be reduced possibly by including in the pesticide 
formulation a chemical like citric acid or a member of 
citric acid cycle (a citrate former) or some other similar 
chemical. However, a lot more experimental work has 
to be done before drawing any conclusion in t. s 
matter. 
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C3-like carbon isotope discrimination in 
C3-C4 intermediate Alternanthera and 
Parthenium species 

G. Rajendrudu and V. $. Rama Das 

Department of Botany, School of Biological and Earth Sciences, 
Sri Venkateswara University, Tirupati 517 502, India 

Carbon isotope discrimination and leaf anatomy in 
relation to leaf position on the stem were studied for the 
two recently identified naturally occurring C3-C4 
intermediate dicot plants, Alternanthera ficoides and 
Parthenium hysterophorus. The carbon isotope ratios 
(< 5 ^^C values) for the two C3-C4 intermediate species did 
not change much with the leaf age but were similar to C3 
plants. Although variation in leaf anatomy with respect 
to leaf age was noted, the carbon isotope ratios were 
similar at all stages of leaf growth. These results also 
confirm that A, Bcoides and P. hysterophorus possess 
leaf anatomical characteristics intermediate to those of 
C3 and C4 dicot plants but exhibit C3-like carbon isotope 
discrimination. 

The existence of naturally occurring plant species 
showing intermediate characteristics to those of C3 and 
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C 4 plants has received considerable attention. Detailed 
studies on the physiology and biochemistry of photo¬ 
synthesis and photorespiration in C3-C4 intermediate 
plants are highly useful in understanding the possibility 
of increasing photosynthetic efficiency of C 3 crops 
through chemical or genetic modifications of these 
plants. Further, the study of C3-C4. intermediate plants 
might also provide insight into the precise evolutionary 
transition from a C 3 to a C 4 plant. Naturally occurring 
C3--C4 intermediate plants have been identified in 
many genera, Mollugo^, Panicum^~^, Moricandia^''^, 
Flaveria^~'^^, Neurachne^^'^^, Alternanthera^^ and 
Parthenium^^'^^. The intermediate nature of these 
plants includes a Kranz-like leaf anatomy, partially 
suppressed photorespiration as indicated by reduced 
CO 2 compensation point and in biochemical process of 
photosynthesis between those of C 3 and C 4 plants. 
Although a detailed survey on values for a number 
of C 3 and C 4 plants clearly showed exclusive 
ranges, -21.1 to -36.7% and -9.2 to -19.3%, 
respectively®’ ^^the naturally occurring 
intermediate plants studied till now exhibited these 
values within the C 3 -plant range^’®’^^’^'^’^^-^^. Some 
C 3 ~C 4 intermediate Flaveria^^'^^ and Neurachne^'^ 
exhibited higher values than the other known C 3 - 
C 4 intermediate plants, but these values were within the 
range of C3 plants. Such higher <5^^C values found in 
some C3-C4 plants in comparison to others may be 
explained on the basis of functionally limited C 4 type of 
photosynthetic carbon assimilation exhibited by these 
species^"^. 

In the present study, the carbon isotope discrimination 
and the leaf anatomy in relation to leaf age in the newly 
reported C3-C4 intermediate A, ficoides and P, hystero- 
phorus species were studied in an attempt to understand 
the mechanism(s) for reduced photorespiration found in 
these € 3-04 intermediate species. 

Plants of Alternanthera ficoides (L.) R. Br. ex. R. and 
Parthenium hysterophorus L. were raised from vegetative 
cuttings and seeds, respectively. These were grown on 
soil supplemented with manure (three parts of soil and 
one part of farmyard manure) in 30 cm clay pots under 
11 h natural photoperiodic conditions. Plants received 
full sunlight for most of the day during the growth 
period. The maximum light intensity (PAR, 400-700 nm) 
available at the top of the canopy on a clear day was 
about 1800/xmol quanta m’^s-^ Daily maximum and 
minimum air temperatures had ranges 28 to 35°C and 
16 to 25°C, respectively. Plants were watered every 
alternate day to avoid water stress effects throughout 
the growth of the plant. Other plant species used in the 
present study for comparison were also grown under 
similar conditions. Four-to-five weeks old plants were 
used in the present study. 

Leaf segments measuring about 0.5 x 0.5 cm area 
were cut from leaves at different positions on the stem 
and used to study the leaf anatomy. Leaf tissues were 


initially fixed in formalin, aceticacid and ethanol (70%) 
mixture (5:5:90, v/v), dehydrated in ethanol series and 
embedded in paraffin wax (melting point, 58-60°C). 
Leaf cross-sections with 10 pm thickness were cut on 
Cambridge rotary microtome, dewaxed in xylol and 
stained with safranin and fast green. These stained leaf 
cross-sections were examined under a light microscope. 

For determination of values, fresh leaves were 
collected and dried in a forced air draft oven at 50°C 
and ground into a fine powder. The dry leaf powder was 
cumbusted at 800°C in excess oxygen. The carbon isotope 
ratio (^^C/^^C) of CO 2 evolved from cumbustion was 
measured on an isotope ratio mass spectrometer. Results 
were expressed as <5 C (l^sample/^standard ^ 1000, 
where Rsampie Rstandard are mass 45/mass 44 ratios 
of CO 2 evolved from cumbusted leaf dry powder and 
standard (PDB), respectively. 

Mature leaves of A. ficoides and P. hysterophorus 
showed prominent chloroplast-containing bundle sheath 
cells surrounding the vascular tissue, but these cells 
were not encircled by a distinct radially arranged 
mesophyll cells like in C 4 species (A. pungens). Instead, 
the mesophyll tissue of these plant species was differen¬ 
tiated into definite palisade and spongy parenchyma as 
found in typical C 3 species, A. sessilis (Table 1). 
However, the older leaves of P. hysterophorus showed a 
tendency to radial arrangement of mesophyll cells 
which can be compared to radial arrangement found in 
C 4 species, A. pungens (Table 1). 

Leaf carbon isotope ratios ((5^^C values) for the two 
species, A. ficoides and P. hysterophorus, showing Kranz- 
like leaf anatomy at older stages of leaf growth were 
similar to those of C 3 species, A. sessilis and E. alba 
(Table 1). Although some variation in the leaf anatomy 
with respect to leaf position on the stem was noted, the 
values were similar at all stages of leaf growth in 
these plants (Table 1). In the past, a significant 
difference in the range of values between C 3 and 

Table 1. Leaf anatomy and carbon isotope ratios values) of 
leaves at different positions on the stem of two newly reported 
C3-C4 intermediate species Alternanthera ficoides and Parthenium 
hysterophorus and a few representative C 3 and C 4 dicot plants. 



Leaf 
position 
on the 
stem 

Leaf anatomy 

Leaf 

carbon 

isotope 

ratios, 

^'^C(%) 

Plant species 

Type 

Mesophyll 

Alternanthera 

Top 

Non-Kranz 

C 3 type 

“25.7 

ficoides 

Middle 

Kranz-like 

C 3 type 

-25.5 


Base 

Kranz-like 

C 3 type 

-25.6 

Parthenium 

Top 

Non-Kranz 

Cj type 

-25.8 

hysterophorus 

Middle 

Kranz-like 

C 4 type 

-27.8 


Base 

Kranz-like 

C 4 type 

-27.4 

Alternanthera 

sessilis 

Middle 

Non-Kranz 

C 3 type 

-26.4 

Eclipta alba 

Middle 

Non-Kranz 

C 3 type 

-26.7 

Alternanthera 

pungens 

Middle 

Kranz 

C 4 type 

-11.5 
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C 4 plants has been reported®’^^"^®’^^*^^ These 
differences between C 3 and C 4 plants were mainly 
attributed to preferential utilization of and partial 
exclusion of during the initial carboxylation step in 
photosynthesis of these plants^^’^^. Less discrimination 
against ^^C 02 by PEP carboxylase than by RuBP 
carboxylase is believed to result in the differences in 
values observed between C 3 and C 4 . plants^^. 
Since PEP carboxylase performs the initial carboxylation 
step of photosynthesis in C 4 . plants, the values 

reported for these plants are far less negative than those 
of typical C 3 plants which exhibit initial carboxylation 
step by RuBP carboxylase. 

Earlier studies have shown that the PEP carboxylase 
activity in leaf extracts of A. ficoides^^ and P. hystero- 
was slightly higher than in typical C 3 
plants. C 3 “like values of the two recently identified 
C3-C4 intermediate species, A. ficoides and P. hystero- 
phorus, reported here have clearly indicated that slightly 
higher levels of PEP carboxylase reported earlier may 
contribute less in reducing photorespiration as well as 
overall growth in these intermediate species. Further, 
C 3 -like <5^^C values obtained for A.Jicoides and 
P. hysterophorus in the present study clearly indicate 
that the contribution of C 4 type of photosynthetic 
carbon assimilation in reducing photorespiratory CO 2 
loss is very unlikely in these C 3 ~C 4 intermediate 
species. 
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Crystal structure of putrescine aspartic 
acid complex 

S. Ramaswamy and M. R. N. Murthy 
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Bangalore 560 012, India 

Polyamines, putrescine, spermidine and spermine are 
ubiquitous biogenic cations believed to be important for a 
variety of cellular processes. In order to obtain structural 
information on the interaction of these amines with other 
biomoiecules, the structure of a complex of putrescine 
with aspartic acid was determined using single crystal X- 
ray diffraction methods. The crystals belong to mono¬ 
clinic space group C2 with a= 21.504 A, 4.779 A, 
c= 8.350 A and p = 97.63°. The structure was refined to 
an R factor of 8.4% for 664 reflections. The asymmetric 
unit contains one aspartic acid and half putrescine 
molecule. The conformation of aspartic acid corresponds 
to its most favourable extended structure. The putrescine 
molecule, although on a 2-fold special position, lacks 2- 
fold symmetry. The putrescine backbone has a traws- 
gauche conformation. The energy required for distorting 
the putrescine molecule from its most favourable zigzag 
structure is presumably derived from both hydrogen 
bonding and electrostatic interactions. 

Putrescine, spermine and spermidine are ubiquitous 
biogenic amines believed to be important for a variety 
of cellular functions. It has been suggested that they are 
important for the structural integrity of certain 
biomolecular assemblies'*^, protein synthesis^, cell 
differentiation^ flowering in plants^ and many other 
biochemical phenomena. Spermidine is known to 
enhance the efficiency of in vitro translation^. Usually, 
inorganic cations either fail to fulfill the role of 
polyamines, or, are required at much higher concentra¬ 
tions L In order to understand the functional role of 
polyamines, it is necessary to determine the structure of 
a large number of complexes of these amines with other 
ubiquitous biomolecules. These studies will provide 
information on the conformational flexibility of the 
polyamine backbone and on their preferred bonding 
patterns. We have earlier reported the structure of 
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putrescine glutamic acid*^ complex where the hydrogen 
bonding requirements of putrescine are satisfied by 
changes in the conformations of the two crystallogra- 
phically independent glutamic acid molecules. Here, we 
present the structure of 1:2 complex of putrescine with 
aspartic acid. 

Crystals of 2:1 complex of L-aspartic acid and 
putrescine were obtained from an aqueous solution by 
slow diffusion of propanol. The needle-shaped crystals 
were very hygroscopic and dissolved when exposed to 
air. For X-ray examination, the crystals were mounted 
in a glass capillary. The excess solvent was removed 
using a thin filter paper and the capillary was sealed 
with low melting wax. X-ray examination revealed that 
the crystals belong to monoclinic space group C2 with 
a = 21.504A, b=4.779A, c = 8.350A and i?=97.63“. 
The unit cell volume was found to be compatible with 2 
putrescine and 4 aspartic acid molecules for which the 
calculated density was 1.38 g cm“^. 

X-ray diffraction data were collected on an Enraf- 
Nonius 4 circle diffractometer to a Bragg angle of 65° 
using w/20 scan. A microfocus sealed tube with a 
copper anode (2=1.5418 A) provided the X-ray beam. 
A total of 1440 reflections from the K'^0 hemisphere 
were collected. The reflections were corrected for 
Lorentz and polarization factors and the symmetry- 
related observations were averaged to yield 816 unique 
measurements. During the data collection the crystals 
did not exhibit significant radiation damage as revealed 
by periodically monitored standard reflections. 

The structure was solved by using the direct methods 


Table 1. Positional parameters ( x lOOOO) and equivalent 
temperature factors of non-hydrogen atoms. The estimated standard 
deviations (for parameters refined) are given in parentheses. 


Atom 

X 

Y 

Z 

Equivalent 

B 

N1 

2523(3) 

4059 

2534(8) 

2 .8(2) 

01 

1205(3) 

5301(18) 

-464(7) 

3.9(2) 

02 

2030(3) 

8006(16) 

380(7) 

3.3(2) 

Cl 

1693(4) 

5982(24) 

509(9) 

2.9(2) 

C2 

1838(4) 

4064(23) 

2010(9) 

2.7(2) 

C3 

1488(4) 

5332(23) 

3356(9) 

2.9(2) 

C4 

1561(4) 

3499(24) 

4864(10) 

3.1(3) 

05 

2037(3) 

3966(17) 

5881(7) 

3.8(2) 

06 

1166(3) 

1720(21) 

4964(7) 

5.1(2) 

Nil 

-844(3) 

363(22) 

2062(8) 

3.5(2) 

C12 

-153(5) 

267(36) 

2272(12) 

5.1(4) 

1C13 

124(9) 

1055(62) 

835(21) 

4.2(7) 

2C13 

125(9) 

-595(65) 

767(23) 

4.3(7) 


Table 2. 

Bond lengths (in A) of 




putrescine. 




Nn-C12 


1.47(1) 



C12-1C13 


1.46(2) 



C12-2C13 


1.52(2) 



1C13-1C13' 


1.43(2) 



2C13-2C13' 


1.32(2) 



1C13-2C13 


0.79(4) 



IC13-2C13' 


1.58(3) 



2C13-1C13' 


1.58(3) 



Table 3. Bond angles (in degrees) 
of putrescine. 


N11-C12-1C13 

11 ^.2(1.2) 

N11-C12-2C13 

114.3(1.2) 

C12-1C13-1C13' 

131.5(1.9) 

C12-2C13-2C13' 

130.3(2.0) 

C12-1C13-2C13' 

115.8(1.7) 

C12-2C13-1C13' 

115.9(1.7) 


Table 4. Bond lengths of (in A) 
aspartic acid. 


N1-C2 

1.48(1) 

01~C1 

1.28(1) 

02 -Cl 

1.23(1) 

CI-C2 

1.55(1) 

C2-C3 

1.56(1) 

C3-C4 

1.53(1) 

C4-05 

1.26(1) 

C4-06 

1 .21(1) 


program MULTAN® and refined using a block 
diagonal structure factor least squares program to an R 
value of 8.4% for 664 reflections with Fo'^4a (Fq), 
During the initial refinement with C, N and O atoms, 
the central carbon atoms of putrescine were found to 
have unusually high-temperature factors. Examination 
of the difference fourier after omitting these atoms 
revealed a density that was spread considerably along 
the b direction in comparison with a or c. Also, when 
these atoms were refined anisotropically, the B 22 factors 
were about 5 times larger than B^ or B 33 . This 
suggested that these atoms were either disordered or 
occupied two alternative positions separated along the 
b-axis with partial occupancy. However, dynamic 
disorder of these central atoms of putrescine is unlikely 
in view of the fact that the terminal atoms are well 
ordered. Hence two possible positions separated by 
about 0.8 A within the unresolved streak of electron 
density in the difference fourier map were selected as 
partially occupied positions for the carbon atom. The 
occupancy, position and temperature parameters were 
refined and were found to behave normally. The 
independently refined occupancies of the two positions 
were equal and added to unity. The hydrogen atoms of 
the aspartic acid and amino groups of putrescine could 
be located in a difference fourier map. These hydrogen 
positions were refined isotropically. The other hydrogens 
were not included in the refinement. The inability to 
locate these hydrogen atoms is partially due to the 
fractional occupancy of the putrescine central carbon 
atoms and also probably due to somewhat poorer 
quality of the intensity data. 

The final positional parameters and equivalent 
temperature factors are given in Table 1. Tables 2-5 
give the bond-lengths and bond-angles of putrescine 
and aspartic acid in the structure. Table 6 gives a 
comparison of the conformational angles of putrescine 
in the present case with those of putrescine chloride^ 
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Table 5. Bond angles (in degrees) 
of aspartic acid. 


01 ™Cl-02 

126.3(0.8) 

01-C1-C2 

114.9(0.8) 

02~C1~C2 

118.7(0.8) 

N1-C2~C1 

109.0(0.7) 

N1-^C2~C3 

110.2(0.7) 

C1-C2~C3 

106.8(0.7) 

C2™C3 C4 

111.5(0.8) 

C3-C4-05 

116.1(0.8) 

C3-C4^06 

117.6(0.8) 

05-C4~06 

126.3(0.9) 


Table 6. Torsion angles of putrescine in different forms. 


Angle 

Putrescine 

aspartate 

Putrescine 

chloride 

Putrescine 

phosphate 

N11-C12-1013-2013' 

50.7 

180 

60.9 

C12-1C13-~2C13'--C12' 

178.7 

180 

180.0 

1C13-2CI3'-C12' Nir 

-53.7 

180 

60.0 


and putrescine phosphate^Table 7 gives a similar 
comparison of aspartic acid with free aspartic acid^^ 
and histidine aspartic acid complex The crystal 
packing as it appears when viewed along the b-axis is 
shown in Figure 1. 

The asymmetric unit of the crystal consists of one 
aspartic acid and half putrescine molecule. In contrast, 
the asymmetric unit in the crystal structure of 
putrescine-glutamic acid, consists of one putrescine and 
2 glutamic acids in slightly different conformations. 

The charged carboxylates of aspartate are most 
separated when the side chain carboxyl group is trans 
to the main chain carboxyl. This conformation appears 
to be the most stable as it is observed in all aspartate 
structures except in its complex with histidine and 
metal ions. The stability of the trans conformation 
arises both due to electrostatic repulsion between the 
carboxyl anions and steric factors. The conformation 
observed in the present case agrees with that of the 
most favourable trans geometry. The orientation of the 
terminal carboxyl groups is found to vary in different 
crystal structures. Presumably, the carboxyl oxygens 
orient so as to maximize hydrogen bonding interactions. 
In the present structure, one of the oxygens of each 
carboxyl group accepts two hydrogen bonds while the 
other oxygen forms only one bond. The asymmetry in 
hydrogen bonding leads to slight but significant 


Table 7, Torsion angles of aspartic acid in different forms. 


Angle 

Putrescine 

aspartate 

Aspartic 

acid 

Histidine 

aspartate 

N1-C2-C1-01 

-2.4 

-37.7 

-9.7 

N1-C2-C1-02 

174.3 

144.8 

166.5 

Nl-C2-C3-C4 

-75.2 

-61.9 

52.8 

C2-C3-C4-05 

- 38.5 

131.4 

1.8 

C2-C3-C4-06 

142.1 

-51.3 

-173.2 

C1-C2-C3-C4 

176.2 

178.2 

-72.8 

01-C1-C2-C3 

-90.0 

83.2 

117.2 

02-C1-C2-C3 

87.7 

-94.2 

-66.5 



Figure 1. Packing diagram of putrescine-aspartic acid complex as 
viewed down the b-axis. 


increase (0.05 A) in the bond length for the oxygen 
involved in 2 hydrogen bonds. 

The crystal asymmetric unit consists of half putrescine 
molecule. Hence, the molecule is situated on the 2-fold 
special position in the crystal structure. Two positions 
in the asymmetric unit designated as 1C 13 and 2C13 
were assigned to this central carbon atom of putrescine. 
The positional, temperature and occupancy parameters 
associated with these positions were refined indepen¬ 
dently. The occupancy converged to 0.5. These 
positions are separated by 0.79 A along the b-axis. 
Interestingly, the bonding pattern N11™C12"“1C13~ 
lCl3'~C12'-Nir for which the molecule will have 
exact 2-fold symmetry is not compatible with the 
observed ranges of bond lengths and angles of 
putrescine backbone. The distance 1C13-1C13' is only 
1.32 A and the angle C12-1C13-1C13' is 130.3'’. In 
contrast, the structure of the molecule Nll”C12-lC13-~ 
2C13'--C12'“~Nir has bond-lengths and angles much 
closer to normal values (Tables 2-4). The backbone of 
putrescine has trans and gauche conformation for the 
bonding pattern N11-C12~-1C13-2C13'™C12'-~N11'. In 
contrast, the other symmetrical alternative N11"“C12~ 
lC13~lC13'-Cl2'-Nir has a syn C12-1C13~1C13'-~C12' 
angle which is energetically much less favourable. Thus, 
the conformation of the putrescine molecule lacks a 
centre of symmetry leading to the unusual formation of 
a crystallographic 2-fold axis of symmetry due to half 
occupancy of two unsymmetrical structures. The most 
favourable structure for putrescine is the fully extended 
zigzag trans configuration. In the zigzag structure, the 
positively charged amino groups are maximally sepa¬ 
rated and the torsion angles lead to least steric 
hindrance. However, here as well as in putrescine 
phosphate, the molecule adopts a trans-gauche confor¬ 
mation. The energy required for this distortion is 
provided by the hydrogen bonding and electrostatic 
interactions. 

Examination of the crystal packing diagram shows 
that the crystal structure derives its stability from 
electrostatic, hydrogen bonding and nonpolar vander- 
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Waals interactions. Each of the positively charged 
amino groups of putrescine is surrounded by carboxyl 
groups from both the main and side chain of aspartic 
acid molecules. Within a radius of 5 A from the amino 
group, a total of 10 anionic groups and 3 cationic 
groups are found. Similarly, the side chain carboxyl 
groups of aspartate are surrounded by 6 amino groups 
within a radius of 5 A. This pattern of charge clustering 
is due to the electrostatic component of complex 
formation. The nonpolar atoms of the aspartic acid side 
chain and putrescine backbone form a layer of the 
structure separated by polar layers formed by carboxy- 
lates and amino groups. Putrescine amino groups form 
all possible hydrogen bonds in both of its complexes 
with aspartic and glutamic acids, whereas the carboxy- 
lates form only part of the possible hydrogen bonds. 
This is apparently due to the inherent flexibility in the 
backbone of polyamines which allows them to adopt 
structures suitable for optimizing stabilizing interactions 
with other biomolecules. These hydrogen bonds, 
therefore, must form part of any structural model 
describing polyamine interactions. 
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A simple method for derivatization of a 
complex organic compound for 
biological purposes 

A. Bhattacharyya 
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India 

Derivatization of an inherently complex organic compound 
for biological purposes often faces serious problems from 
the viewpoint of physical and chemical nature of the 
compound. The present study takes a complex molecule 
rifamycin which is in itself complicated by the 
presence of several functional groups, its chemical 
lability and extremely low solubility. The C 21 /C 23 
functionalization has been achieved leaving aside the 
aromatic region. Of the two varieties of derivatives 
prepared, the citrate has been found to be soluble in 
aqueous medium, and hence more suitable for biological 
purposes. Immunization is also reported. This simple 
methodology of preparation of the water soluble citrate 
derivative should find general application in biochemistry 
provided the organic compound under consideration 
contains an NH 2 or OH group. 

For various purposes like affinity design, antibody 
production, drug delivery, etc. it is often necessary to 
derivatize an organic compound under mild condition 
at a suitable position^Keeping in view the 
complexities of many biologically active compounds it 
is often necessary to deal with every compound 
separately by complicated synthetic routes^"^'^"In 
addition to the chemical complexities, many compounds 
are insoluble in water adding further problems in 
chemical conversions as well as difficulties in biochemical 
experiments which are mostly carried out in aqueous 
medium. The physical problem of insolubility in water 
makes it extremely difficult to carry out further 
conjugation reaction of the derivative with macro- 
molecules like proteins. Even in case the reaction can 
be carried out, the product becomes insoluble and 
hence unusable for biological experiments. 

It is thus desirable to have a way out to tackle this 
multidimensional problem of physicochemical nature. 
Ideally, we should have a methodology that is i) simple 
so that it can be easily carried out in a biochemical 
laboratory, and ii) of general applicability which can be 
widely used for large number of compounds. In the 
present study we have chosen a sparingly soluble, 
chemically labile and biologically important compound 
rifamycin B (Ciba-Geigy, USA) which is also complicated 
in itself by the presence of several functional groups 
The compound has successfully been converted to 
functional derivatives at desired position, and it has 
been found that the derivative which is soluble in water 
has more potential for biological application like 


382 


CURRENT SCIENCE, VOL. 59, NO. 7, 10 APRIL 1990 




RESEARCH COMMUNICATIONS 


antibody raising, in comparison with the insoluble 
derivative. 

Synthesis of hemisuccinates and citrates of rifamycin B 
is shown in Scheme 1. To synthesize the succinate II, 
rifamycin B, I, (0.01 mmol) and succinic acid (0.1 mmol) 
were dissolved in 2 ml of dimethylformamide (DMF), 
and l-ethyl-3-(3-dimethylaminopropyl)-carbamide (EDC) 
(Sigma, USA) (0.2 mmol) was added all at once and 
stirred for 1 h. The orange-red clear solution was 
allowed to stand at room temperature overnight. The 
mixture was lyophilized to a viscous deep blood-red oil 
and purified by TLC on silica gel using methanol: 
chloroform = 19:1 (v/v) as developing solvent. 

The citrate derivative IV was prepared from 
equimolecular amounts of citric acid and rifamycin B in 
presence of 5 times (molar ratio) of EDC in DMF 


following the procedure as above. TLC was carried out 
on silica gel and developed by methanol: chloro¬ 
form = 4:1 (v/v). 

A solution, 200 pil, of bovine serum albumin (BSA), 
(Sigma, USA) in water (0.1%) was added to the 
hemisuccinate solution, 1 ml, in DMF (5 jumol/ml). 
Water and DMF were added alternately, 10 [A each 
time, with constant shaking till the cloudiness decreased. 
EDC,'50 mg, was added all at once, the solution became 
clear, stirred for 4 h at room temperature to obtain a 
clear orange-red solution. It was then extensively 
dialysed (500 ml x 6) for two days and finally lyophilized 
to get III. 

Rifamycin B citrate (IV) was coupled to BSA in two 
batches: In batch 1, a saturated solution of rifamycin B 
citrate in water (10 ml) was gently stirred and BSA, 
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20 mg, was added slowly and dissolved. EDC, 250 mg, 
was added to the stirring solution. The pH of the 
solution remained at 4.5 to 5.0 without adjustment. 
After stirring for 1 h at room temperature, the product 
was dialysed against water ( 1000 mix 6 ) for 2 days in 
cold to obtain a clear golden yellow dialysate, and 
lyophilized to obtain V (batch 1). 

In batch 2, a saturated solution of rifamycin B citrate 
in DMF was added dropwise slowly to a clear 
saturated aqueous solution (10 ml) of the compound 
with stirring till it just starts turning turbid. This near- 
turbid solution was coupled with BSA (50 mg) in 
presence of EDC (500 mg) as before and dialysed to 
obtain a deep orange-yellow slightly cloudy dialysate, 
and lyophilized to get V (batch 2). 

Three adult rabbits (all males, Belgian strain), each 
weighing 1.5-2 kg, were used for immunization. The 
citrate conjugate V (batch 2) (1.2 mg protein weight) 
was emulsified by blending in 0.5 ml PBS and 0.5 ml of 
Freund’s adjuvant and injected subdermally at multiple 
sites in each rabbit on day 0, 4, 8 , 15 and 25. The first 



Figure 1. Absorption spectrum of rifamycin B (I), 



Figure 2. Absorption spectrum of the succinate derivative (II); (head 
band). 
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Wavelength (nm) 

Figure 3. Absorption spectrum of the succinate derivative (II), (tail 
band). 

injection was given with complete and the rest with 
incomplete adjuvant. On day 35 serum was collected by 
ear vein puncture and tested for the presence of 
antibody by the Ouchterlony double diffusion method 
after removing BSA-specific antibody^’^. To increase 
the antibody titre booster injections were given (up to 
seven injections) at 7-day intervals. The immunization 
with the succinate conjugate III was similarly carried 
out. 

Rifamycin B (I), with low solubility in water (0.27%) 
and having many functional groups, is difficult to 
derivatize at a desired position by simple methodology 
under mild conditions. All these serious bottle-necks 
have been overcome by synthesizing compounds II-V 
(Scheme 1). 

In the synthesis of the hemi-succinate (II) the two 
predominant products (Ky = 0.48, overlapping bands) 
were formed with only traces of another compound 
(Kj = 0.62), as shown by TLC. The starting material 
(jR^ = 0.91) was completely absent, thus showing the 
reaction to be quantitative. Both the overlapping bands 
of II were separated by exhaustive preparative TLC, 
and two products (head: tail) were found in the ratio of 
45:55, as measured from UV absorption. 

The absorption maxima (a^^x) h II (head band), II 
(tail band) were found to be 412.5, 412.5, and 415 nm 
(Figures 1-3) respectively in methanol. The absence of 
an appreciable change in the of the product II 
(both components) suggests that the sites of succinoyla- 
tion are positions 21 and 23 or both. The two 
overlapping products probably indicate the esterification 
at both of these positions. 

This particular derivatization at C 21 /C 23 of I has 
important implications Since the structural diffe¬ 
rence^^ between rifamycin B and all other ansamycins 
(Figures 4 and 5) is only at the aromatic nucleus, 
derivatization at C 21 /C 23 of I should facilitate the 
production of anti-rifamycin B antibody with little 
cross-reactivity with other related ansamycins. 
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Figure 4. Structural analogy of natural rifamycins. 
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Figure 5. Structural analogy of natural rifamycins. 


The citrate derivative IV was similarly identified. 
Here also only traces of unreacted compound could be 
detected thus showing that this reaction was also 
quantitative. The two overlapping products appeared at 
Rf = 0.59 with only traces of another product observed 
between I and IV on TLC. That the derivatization in 
IV was at 21 and 23—positions were indicated as 
before. 

Both the compounds II and III are insoluble in 
water, although II is moderately soluble in methanol 
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and freely soluble in DMF. On the other hand, 
compounds IV and V derived from citrate are soluble 
in water, and the citrate derivative IV is soluble in 
methanol and freely soluble in DMF. 

This difference in aquo-solubility is of fundamental 
importance. Since, rifamycin B (I) itself is sparingly 
soluble in water, its derivatives will normally be also 
insoluble in water. We have taken rigorous consideration 
and have chosen the derivatizing moiety on the 
following ground. It must have a number of hydrophilic 
functional groups a part of which can be easily coupled 
covalently under mild conditions. It is also desirable 
that the derivatizing agent should be cheap and easily 
available. 

We have found that citric acid fulfils all the criteria of 
an ideal derivatizing agent. With its four-functional 
groups in such a small molecule, its tremendous 
hydrophilicity and solubility in water (64.3%), it can 
easily be coupled by one of the terminal carboxyl 
groups to an OH or NH 2 group of the insoluble 
compound, but still left with a number of groups to 
impart aquo-solubility of the derivative which in turn 
can be coupled to a macromolecule for biological 
purposes. 

This is corroborated by the fact that the citrate of 
rifamycin B (IV) as well as the conjugate V is soluble in 
water. 

Its biochemical implications can be guessed from the 
fact that whereas the succinate conjugate (III) did not 
give rise to any antibody even after three months of 
immunization, the citrate conjugate (V) gave rise to 
anti-rifamycin antibody (titre = 4) in all the rabbits 
after 35 days only. 

The methodology is simple and fast and involves 
only two steps: (i) Derivatization of the insoluble 
compound with citric acid in an organic solvent like 
DMF, and (ii) Coupling of this water-soluble citrate 
derivative with the protein, which are easy enough to 
be carried out in a biochemical laboratory. The 
methodology should find general application provided 
the organic compound in question has an OH or NH 2 
group. 
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A bacteriophage lytic enzyme gene as a 
marker for gene transfer and expression 

M. V. Gopalakrishnan and J. D. Padayatty 

Department of Biochemistry and Centre for Genetic Engineering, 
Indian Institute of Science, Bangalore 560 012, India 

The plasmid pBR322 bearing the lytic enzyme gene of 
colitis bacteriophage was injected into 10 sets of 10 onion 
bulbs each, at multiple points, and germinated for 7 days. 
The lytic enzyme was detected in the extracts of 0-60% 
of the bulbs in each set by turbidometric assay. This lytic 
enzyme gene can be used as a marker gene for gene 
transfer in plants and animals and in chimaeric gene 
constructs to study regulation of gene expression. 

Various genes of bacterial and animal origin have been 
used as reporter genes and positive selection markers in 
gene transfer experiments. The most commonly used 
reporter genes include genes for chloramphenicol 
acetyltransferase (CAT)^-^, neomycin phosphotrans¬ 
ferase (NPT Escherichia coU /i-glucuronidase 

(GUS)^ and firefly luciferase^’. CAT and GUS genes are 
widely used though they are poor selective agents. The 
NPT II gene is a good selective agent but the assay of 
the enzyme is not easy. These genes are also used in 
chimaeric gene constructs to determine promoter 
strengths and gene expression*^* We report here the 
use of a lytic enzyme gene from a virulent phage of 
E. coli, the colitis phage^ as a marker for gene transfer 
and expression. 

The lytic enzyme gene was mapped on a 2.3 kb 
BamHl fragment of the phage DNA and cloned in the 
plasmid pBR322^°-^^ The gene was completely sequ¬ 
enced and the amino acid sequence was derived. This 
enzymic protein was of 18.05 kd and contained 163 
amino acids. The enzyme was purified using the cloned 
gene and the characteristics studiedThe pBR322 and 
the recombinant plasmid DNAs were prepared accord- 
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ing to the method of Brinboim and Doly^^. They were 
dissolved in 10 mM Tris-HCl, pH 7.6 and 0.5 raM 
MgCl 2 (TM buffer) and 0.5 jA portions containing 
0.1 fig of DNA were injected into the lower one-third 
portion of onion {Allium cepa) bulbs of 2 cm diameter 
at about 100 points using a 10/d Hamilton syringe. 
This facilitated the flooding of the DNA into the 
meristematic regions of the bulb. The injected onions 
were kept at 22''C for 60 min and then transferred to 
glass vials containing TM buffer and ampicillin, 
tetracycline and streptomycin (2 //g/ml each) so that the 
base of the bulbs is dipped in the buffer solution and 
incubated at 22'C in a BOD incubator for 7 days. 
Three to four whorls of the onions which are essentially 
nutritive, were peeled off. The injected region of the fast 
growing bulb, along with the stem and roots, was 
washed thoroughly with water and ground with 1 ml of 
TM buffer at 4'C in a mortar with a pestle. The 
unbroken cells and cell debris were centrifuged af 
15,000 g and the supernatant fraction was collected and 
assayed for the enzymic activity. 

Sensitized E. coli B cells prepared according to the 
method of Salser et were used as the substrate. 
The E. coli B cells were grown to mid-log phase in M9 
medium, pelleted at 1000 g, suspended in TM buffer 
previously saturated with chloroform, washed with TM 
buffer and suspended in the same buffer to have an 
absorbance of about 0.6 at 450 nm. The enzyme activity 
was monitored by the decrease in A 450 n„T after the 
addition of the extract. 

The plasmid pBR322 or recombinant DNA were 
injected in sets of 10 bulbs at a time and incubated for 7 
days at 22 C. The extract was prepared from each bulb 
and assayed for the lytic enzyme. This was repeated 
at least 10 times at different periods during the course of 
a year. The enzymic activity was absent in the extracts 
of all sets of onions that received the pBR322 DNA. In. 
the extracts of two sets of onions and few onions in the 
rest of the 8 sets, which received the recombinant DNA, 
there was no delectable enzymic activity. However, in 
the extracts from 8 sets of onions, the enzymic activity 
was detected in bulbs, the number of which varied from 
1 to 6. The results from a typical set of experiments are 
shown in Figure 1. The extracts from the pBR322 
injected onions did not show any lytic enzyme activity 
(line 1). The extracts from onions into which pBR322 
DNA bearing the lytic enzyme gene was injected 
showed significant enzymic activity (lines 2~4). However, 
the activity varied from bulb to bulb and experiment to 
experiment. A unit of enzyme activity is expressed as 
the amount of enzyme causing a decrease of 0.1 at 
A 450 nm at 30'C (ref. 13) which corresponds to 

10 ng of the enzymic proteinThe enzyme activities 
varied from 0.5 to 50 units per bulb and represent 
0.05-5.0 pg of the enzyme protein. The enzyme in these 
extracts was inactive on Micrococcus lysodeikticus cells 
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Figure 1 . Lytic enzyme activities in the extracts of onion bulbs. The 
pBR322 or the recombinant DNA, 10 pig in 50 pi\ of TM buffer, was 
injected into each onion bulb in a set of 10 , which were grown at 
22 C for 7 days. The extract was prepared and the enzyme was 
assayed as described in the text. The extract (100 jul) was added to 
1 ml of the sensitized £, coli cells and the decrease in A 450 nn^ was 
recorded. Lytic enzyme activity in extracts from bulbs injected with; 
lane 1 , pBR322 DNA, and lanes 2-4, pBR322 bearing the lytic 
enzyme gene. 


and was inactivated by 5 mM EDTA showing the 
specificity of the colitis phage lytic enzyme. The 
variations in the expression of the genes as shown by 
the enzymic activities in different onion bulbs in 
different experiments may be due to variations in the 
competence of the onions and the extent of injury to the 
tissues during injection. The gene transfer by direct 
injection of DNA into the large onion tissues at several 
points is very convenient and is comparable to the 
injection of DNA into the developing floral tillers^"^* 
The fate of the injected DNA which is being 
expressed is yet to be analysed in detail. However, the 
injected DNA may not exist as free plasmid in the 


onion cells as it could not be detected by transforma¬ 
tion of E. coli HBlOl cells. Since prokaryotic promoter 
is not recognized by the eukaryotic RNA polymerase, it 
is likely that the lytic enzyme gene is integrated into the 
organellar or nuclear DNA at positions downstream to 
the promoter and transcribed by the RNA polymerase 
present in the onion cells. 

The transfer of the lytic enzyme gene and the assay of 
its product, the enzyme, are simple and sensitive and 
hence the lytic enzyme gene can be used as a marker in 
gene transfer in plants and animals. The lytic enzyme 
gene can also be used in chimaeric gene constructs to 
study the regulation of gene expression at the level of 
transcription and translation to identify the promoters, 
assess their strengths and tissue specificity. 
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Recognizing Limaye’s molecule 

P. Balaram writes in ‘Research news’ 
(page 398) about exciting work on 
molecular self-assembly and molecular 
recognition, by Ishikawa and col¬ 
laborators at Kyushu University, and 
Cram and collaborators at the Univer¬ 
sity of California respectively. What 
seems to be of special interest to us 
is that one of the important starting 
materials in the construction of Cram’s 
‘cavitands’ is a substituted resorcinol 
first made in Pune by D. B. Limaye 
in 1936. More surprising is that Donald 
Cram (Nobel Prize in Chemistry 1987) 
quotes, in his 1990 paper, the work 
of Limaye and I. Ghate published in 
India in 1936 in a journal called 
Rasayanam. This citation gives hope 
to some of us editors of Indian journals 
that papers published in our journals 
are quoted by scientists of repute. One 
even wonders whether this does not 
belie the excuse, often given, that even 
good work published in Indian journals 
is never cited and is as good as buried. 
It would be interesting to know whether 
Cram made a special effort to dig out 
this reference or it was available to 
him easily. 

' The present writer had occasion to 
meet Dattatreya Balakrishna Limaye 
nearly four decades ago. One could 
not but be impressed with the fire and 
enthusiasm that he exuded; and this 
was when he had reached the biblical 
span of three score and ten years! It 
is remarkable that so much art, litera¬ 
ture and science came out of small 
colleges started and inspired by great 
nationalist leaders like Gopalakrishna 
Gokhale, Balgangadhar Tilak and 
others. One wonders what motivated 
these pioneers. Was it because, to them, 
science.was a vocation and not a pro¬ 
fession? Was nationalism (which is so 
very unfashionable these days) an im¬ 
portant constituent that spurred these 
pioneers not only on to doing excellent 
work but also to establishing institutions 
where scientists of great dedication 
were grown? 

Physicians as epidemiologists 

Many of us are worried about the 
problem of our doctors, scientists and 
engineers going away to foreign lands 


after receiving excellent training in 
India (see Current Science, 1990, 59, 
196). This of course should be a matter 
of great concern to us nationally. How¬ 
ever, it is also necessary to think some¬ 
times of the talented persons who do 
remain in India, a few because they 
cannot emigrate, but most because 
India is their homeland. The optimal 
utilization of the untapped talents of 
many who remain should also be con¬ 
sidered a matter of some importance. 
A case in point is to use the services 
of medical doctors all over the country 
for research purposes. 

A. S. Nanivadekar describes (page 
405) how these practising physicians 
could contribute effectively to 
epidemiological studies, i.e. the study 
of diseases in populations as opposed 
to that in individual patients. Medical 
practitioners all over the country see 
patients from varied segments of the 
population and strata of society. Each 
doctor has perforce to deal with a large 
number of patients and hence can look 
at large ‘samples’ and study diseases 
with respect to many parameters, say 
with respect to geographical areas, fi¬ 
nancial circumstances, etc. Doctors in 
private practice in India usually have 
integrated themselves well with the 
population and have personal contact 
not only with the patients but also 
their families. Therefore they can 
gather data not normally available to 
others. It is a matter of great satisfaction 
that most of these doctors are willing 
to undertake such studies. All that is 
required is a basic briefing in research 
methodology and the systematic record¬ 
ing of relevant data. The major support 
that has to be provided is of a manage¬ 
rial type. So much valuable data can 
be collected by this method that they 
could form the basis for many health¬ 
care decisions. Nanivadekar gives 
examples of useful data that can be 
collected. For example, in the case of 
intestinal worm infections, it has been 
possible to estimate prevalence. Nation¬ 
ally about 16% of the cases are due 
to roundworms, 14% due to thread¬ 
worms, 7% due to hookworms, and 
3.7% due to whipworms. It is also 
possible to compile area-wise preva¬ 
lence. 

It is remarkable how much important 


information these practising doctors 
can obtain. Nanivadekar believes that 
‘formation of in-practice research 
groups interested in a common problem 
could also help discover unforeseen 
opportunities’. 

Chargeable fish scales? 

A large variety of fishes display beauti¬ 
ful silvery sides. It is the scales, which 
consist of collagen and organic and 
bony materials, that provide the silvery 
effect. The nature and purpose of these 
remarkable scales, so beautiful to look 
at, are matters of great interest. One 
may ask why fish have these exquisite 
reflecting surfaces, which would only 
advertise their presence in the water. 
Will this not be detrimental to survival? 
But careful investigations have in fact 
proved that the opalescent scales play 
the opposite role — to render the fish 
inconspicuous when viewed from above 
or from the sides. The scales have in 
them arrays of stacks of crystals of 
guanine and 6-hyJroxypurine oriented 
at different angles to the surface. Such 
stacks, with a specific periodicity, would 
Bragg-reflect light of one colour only 
in one direction, the colour depending 
on the thickness of each stack and the 
cytoplasmic layer between the stacks. 
To make the reflections white (multi- 
chromatic) the fish cunningly changes 
the thickness of the cytoplasmic layer, 
thus changing the periodicity. There 
are a hundred other ruses the fish uses 
to make itself almost invisible. In fact 
the only direction in which the fish is 
visible and hence vulnerable is from 
below. It would seem that fish disco¬ 
vered millions of years ago methods 
of using every principle of optics that 
modern optical scientists know. All this 
remarkable optical engineering by*the 
random process of natural selection! 
K. B. R. Varma reports (page 420) 
other interesting properties of fish 
scales. Scales of the common Indian 
fish Catla catla have high dielectric 
constant, are pyroelectric at 300 K, and 
show a well-defined dielectric hysteresis 
loop between 300 and 360 K. According 
to Varma, the hysteresis could arise 
from piezo-pyroelectric effects due to 
the oriented collagen molecules. 
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Modelling a meteorological muddle 

Media hype has made global warming a hot topic. But the evidence is far from clear. A lot more 
cool thinking, better climate models, and more reliable methods of data collection are needed. 


On ‘Earth Day’, 22 April, a Doordarshan TV presenter 
said in a television programme on environment that the 
average global temperature would go up by 5 to 6 °C by 
the middle of the next century. She went on to say that, 
with this global warming, sea levels would rise by 30 to 
100 cm, inundating our beautiful Lakshadweep archi¬ 
pelago, that the eastern coast of mainland India would 
suffer storm surges, etc. 

Is there any experimental evidence for global 
warming? The first major scientific effort to assess 
trends in global warming was made recently {Science, 
1990. 247, 1558; see also page 397 of this issue) 
by a careful analysis of the passive microwave radio- 
metric data obtained through the US National Oceanic 
and Atmospheric Administration’s (NOAA) TIROS-N 
satellites, which have a monthly precision of ±0.0r'C. 
The report states that there was no obvious trend 
indicating global warming during the ten-year period 
1979”!988. This does not however mean that the last 
word has been said on this subject. 

The story starts at the turn of this century, when 
Arrhenius postulated an increase in atmospheric carbon 
dioxide due to burning of fuel by man. But the first 
quantitative measurements, made during the International 
Geophysical Year (1957-1958), in Hawaii, indicated a 
decrease of 7 parts per million by volume (ppmv) in the 
CO 2 content in summer compared to that in winter. 
This was attributed to the photosynthetic consumption 
of CO 2 . Subsequent measurements revealed that the 
level of CO 2 in the atmosphere had risen from 315 ppmv 
in 1958 to 350 ppmv in 1988. Analysis of ‘old air’ 
bubbles trapped in the ice of polar regions showed that 
the CO 2 content was 270 ppmv during the last inter¬ 
glacial period, 180 ppmv at the last glacial maximum, 
and 270-280 ppmv in 1850 (while it was 315 ppmv in 
1958 and 350 ppmv in 1988). 

There are four stages in the attempts to understand 
the phenomenon of global warming. The first is the 
physics of the so-called greenhouse effect. Any body 
emits black body radiation corresponding to its tempe¬ 


rature, whose wavelength maximum depends on that 
temperature. The black body radiation from the Sun, 
whose surface temperature is 6000 K, has a maximum 
in the visible region (600 nm, i.e. orange-red), while that 
from the Earth’s surface, which has a temperature of 
nearly 300 K, has its maximum at a longer, infrared, 
wavelength. Satellite data show that 343 watts per 
square metre (W m"^) of solar radiation strike the top 
of the Earth’s atmosphere, 106 W m”^ of it is reflected 
back by the atmosphere, 68 W m“^ is absorbed in the 
atmosphere, and 169 W m"^ is absorbed by the Earth’s 
surface. Longwave emission by the Earth’s surface is 
390 W m“^, of which 163 W m”^ is absorbed by the 
atmosphere and the remaining 237 Wm"”* is radiated 
back into space. The 163 W m“^ of longwave radiation 
that is absorbed is the net greenhouse effect of the 
atmosphere, and is comparable to the absorbed solar 
radiation. If CO 2 , which is the major greenhouse gas in 
the atmosphere, were not there, our planet would be a 
cold one and no life would have been possible on it. It 
is this so-called greenhouse effect that makes our planet 
liveable. 

The second stage relates to the chemistry of the 
atmosphere. In the early seventies, the chemical picture 
we had of the atmosphere changed with our greater 
understanding of active chemical transformations in it: 
the nitrogen oxides NO and NO 2 attack stratospheric 
ozone (O 3 ), carbon monoxide (CO) and methane (CHJ 
are oxidized by the hydroxyl (OH) radical in the tropo¬ 
sphere, and the active series of chlorine radicals also play 
important roles in chemical transformations. The time- 
scales of these reactions vary from minutes to fractions 
of a second. In many instances the controlling 
molecules are not the most abundant species nor are 
they in the most obvious locations. The atmosphere has 
21% oxygen and only 0.3 ppmv of ozone, and the OH 
radical, the most important oxidizing species, is present 
at a concentration of only 1 in 10 ^^ near the surface of 
the Earth. This understanding of the chemistry of the 
atmosphere brought in its wake concern over the high- 




altitude emission of nitrogen oxides by supersonic 
aircraft, which could affect the ozone content of the 
stratosphere. Then came the detection of traces of the 
chiorofluorocarbons CFC-11 and CFC-12 (gases used 
in refrigerators and aerosol sprays)—40 to 100 parts 
per trillion by volume (pptv). In terms of radiation 
absorption potential, one molecule of these gases 
corresponds to about 10,000 molecules of carbon 
dioxide. The unprecedented increase of CO 2 , CH 4 , CO, 
NO and CFCs, all of which absorb the longwave 
infrared radiation emitted by the Earth, not only will 
play a significant role in the control of the Earth’s 
temperature, but also—because, except CO 2 , all these 
molecules are also chemically active—could control the 
formation and destruction of ozone, hence the absorption 
of incoming ultraviolet light from the Sun which 
dictates the temperature structure, and indeed the very 
existence, of the stratosphere. Obviously, the delicate 
balance between the absorbed solar energy and the 
longwave energy emitted into space will strongly 
influence the overall temperature of the atmosphere. 
’When the concentrations of the ‘dirty’ gases increase, 
this radiation balance must seriously be disturbed 
because the gases will trap more longwave radiation 
into the system. The system can restore the balance 
only by warming and emitting more infrared energy. So 
global warming is the obvious conclusion. 

Up to this point the concepts are simple. After this 
one has to grapple with the realities of the Earth’s 
atmosphere and its circulation. The planet receives 
more solar energy per unit area in the tropics than in 
the polar regions because of its spherical shape. The 
emitted longwave radiation is unable to offset completely 
this equator-to-pole heat gradient, which becomes the 
fundamental driving force for atmospheric and oceanic 
circulation patterns, jet streams, monsoonal circulation, 
polar deep-water circulation, etc. One has also to take 
into consideration the effects of the rotation of the 
Earth. 

The problem of meteorology is how to deal with the 
heat and mass flows in this huge system which we call 
the atmosphere, in which the incoming solar radiation, 
the heating of the surface of the Earth—which is part 
land and part water—, the evaporation of the seawater, 
the condensation of the clouds and the consequent 
absorption and release of latent heat, and other 
processes are in constant, dynamic interaction. Each 
phenomenon in itself may be understood but their 
interactions appear to be of immense complexity. The 
pioneers who grasped the basic principles of these 
interactions were men like George Simpson, Gilbert 
Walker (see Current Science, 1990, 59, 121) and others 
who worked in India. But the real advance was made 
by the visionary Lewis Fry Richardson, the father of 
numerical meteorology. His grand dream is now 
becoming a reality. The idea, simply stated, is to divide 
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the surface of the Earth into small squares bounded by 
latitudes and longitudes; treat the air over each square 
as a stack of layers which change according to the 
known physical rules, taking into consideration the 
radiation entering and leaving the stack, the evaporation 
and condensation of water, the dynamics of the flow of 
air, and indeed all the factors that could influence the 
air in the stack; and then take into account the effect of 
the neighbouring squares. The input data are the 
measured values.of temperature, humidity and wind 
velocities at various heights. With the coming of giant 
computers, which solve the complex mathematical 
equations that factor these inputs into weather- 
prediction models, numerical prediction of weather is 
becoming a reality, and even successful in predicting 
weather over short periods, i.e. day-to-day changes. It 
has been quite unsatisfactory in forecasting gales, 
blizzards and other catastrophic changes. Improvements 
are continually being made to predict more long-term 
effects. Some efforts are being made in India to model 
and predict the monsoons. 

It is in this backdrop that we come to the fourth 
stage, where meteorologists are trying to compute the 
effects of the increase of greenhouse gases. The heat 
gradient over the surface of the Earth controls many 
meteorological phenomena. Altered greenhouse effects 
can alter the important radiative heating gradient in 
many ways. The effects being looked for are very small 
(a few degrees), and the time periods very large (a few 
decades). The weather/climate predictions themselves are 
uncertain. Hence the task is a difficult one. There are, at 
present, at least two dozen models for these calcul¬ 
ations. Unfortunately no two models give the same 
results. The results are so conflicting that one is 
sometimes tempted to believe that the models give the 
results that the modellers subconsciously want. Indeed, 
one comment that is made is that these models ‘are 
marvels of mathematics and computer science, but 
rather crude imitators of reality’. Most models show a 
warmer world. Some models predict a warming-up of 
5°C by the middle of the next century. Others reduce 
the increase in temperature to 1.5°C. Extreme scenarios 
of coastal flooding from melting ice-caps and rising 
inland droughts have been predicted. But the figures 
should be viewed as estimates from evolving computer 
models and not as reliable predictions. 

There is a completely opposite view. The major 
weakness of the models is their assumption that CO 2 
build-up is the only significant climate variable. 
According to some, the cloud cover, which is the other 
important variable, is at least 100 times more powerful 
in affecting temperatures than greenhouse gases. 
V. Ramanathan of the University of Chicago states that 
‘clouds appear to cool Earth’s climate’, and could offset 
the atmospheric greenhouse effect. 

A strong view is emerging that all the models 
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completely ignore the thermostatic effects of the 
hydrological cycle of evaporation and condensation. 
Two-thirds of the predicted global warming is due not 
directly to the radiative power of CO 2 but due to an 
indirect effect. This is the increase, caused by CO 2 
warming, of water vapour evaporation into the 
atmospheric blanket. But in the warmer, tropical 
latitudes, where the temperature change from sea level 
upward is rapid, there is an opposite effect: The water 
vapour rises by deep convection and in turn leads to 
more rapid condensation and precipitation, which then 
causes a drying and thinning of the upper atmosphere 
in a process called subsidence. In these lower latitudes a 
rise in CO 2 emission will produce a three-to-one rise in 
greenhouse blanket thinning due to condensation— 
exactly the opposite of what the models predict. 
According to Sir James Lovelock, the hydrological 
process is comparable in magnitude with that of the 
CO 2 greenhouse effect, but in opposition to it. Others 
say: As CO 2 speeds up the hydrological cycle, more 
convection creates more clouds and more cooling, so 
the greenhouse effect should turn out to be minimal or 
even benign. Correcting for deep convection alone 
could lower the global warming estimates by a factor of 
six and it is unlikely that we will see more than a few 
tenths of a degree increase over the next century. 

All this is very confusing to the layman and even to 
the scientific mind. The modellers gather every year and 
exchange views. They usually ‘publish’ their results in 


the media. There is a rift even amongst the scientists 
who study global warming. There are many able 
scientists on both sides. We shall end this essay with a 
few quotations from them. 

The records of the last 150,000 years found in ice 
cores and marine deposits scream to us that carbon 
dioxide and temperature are closely correlated.’ (This 
correlation is much lower in the last 100 years.) 

‘Sixteen meteorological stations in the Antarctic have 
shown an average warming of 0.022'"C per year, i.e. 2°C 
by 2080, and a sea-level rise of 2 mm per year. The 
coral nations of the tropical oceans face inundation as 
the warming seas begin to rise. Small island nations 
must begin to map out their strategies on a long-term 
basis.’ 

‘There is a suggestion that governments nervous of 
the enormous investments that are to be made to 
prevent global warming are slowly propagating the idea 
that the greenhouse effect need not be taken seriously 
and the scientists and the common man must beware!’ 

‘It appears that no possible policies are likely to 
prevent the world from warming a degree or two. I see 
a positive aspect that the possibility of a slight but 
manifest global warming coupled with a larger-threat 
forecast may catalyse international co-operation to 
achieve environmentally sustainable development.’ 

S. Ramaseshan 
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SCIENTIFIC CORRESPONDENCE 


Forecasting the Indian monsoon 


Editor’s note : 

We received a letter from C. K. Gopinathan of the National Institute of Oceanography stating that he was planning to 
write an article, 'On the forecast of a normal summer monsoon rainfall during 1990\ to be considered for publication in 
the 'Opinion' section, and asking if it could appear before June. Gopinathan also stated that if it appeared after June, it 
would not have much value. We replied that the article would be considered for publication after the usual review procedure. 
The article by Gopinathan and J. S. Sastry, which disputes the 1990 monsoon forecast of V. Gowariker, V. Thapliyal 
and others, and some of the methods used, arrived in the middle of April. 

The referee suggested that the article could be published in the 'Scientific correspondence' section, provided Gowariker 

et al. were given an opportunity to reply. We sent the article to Gowariker and Thapliyal, who then sent their reply, and 

added that, while they were reluctant to enter into any controversy regarding their work, they saw it fit to reply to the 
criticism of Gopinathan and Sastry on purely technical grounds, especially because it would be published in Current Science. 
We scheduled both notes in the 25 April issue, which, unfortunately, has been delayed. 

To our surprise we found that Gopinathan had given an interview to a newspaper, criticizing the work of Gowariker 

et al., before their comments and Gowariker et al.'s reply could appear in Current Science. 

We are aware that this is a free country and that it is an individual's privilege to publish in a newspaper. But that is 
not the scientists' ethic. Unless Indian scientists learn to follow strictly the code that scientific controversies must be discussed 
and resolved in scientific journals, our science will be doomed. Once the views are published in a scientific journal they 
become public knowledge and can then appear in the media, provided the picture given is a fair one. 

In view of Gopinathan's interview to a newspaper we had no choice but to release the rejoinder of Gowariker and 
Thapliyal before its appearance in print in these columns. 

The note by Gopinathan and Sastry and the reply by Gowariker and Thapliyal appear below. 


The success of two long-range forecasts 
of the Indian summer monsoon rainfall 
issued by scientists of the Department of 
Science and Technology (DST) just 
before the seasons during 1988 and 1989 
seems to have encouraged them to issue 
another extra-long-range forecast of 
normal Indian rainfall in February 
1990. The need for forecasting the 
succeeding monsoon by February is 
understandable, as the Government has 
to make suitable provisions for drought 
relief in the budget, in case the succeed¬ 
ing monsoon is likely to be bad. In this 
respect, a forecast of the summer 
monsoon rainfall issued before the 
budget is more useful than the one 
normally issued in June. However, there 
are other aspects of the forecast which 
merit a discussion. We examine here the 
success of the two earlier long-range 
forecasts, and present a view that the 
present long-range forecast of a normal 
monsoon rainfall for 1990 may prove 
wrong. 

Long-range forecasting of summer 
monsoon rainfall has a long history. It 
started with the forecast of Blanford on 
4 June 1886. The initial forecasts were 
for the whole of British India. This 
practice was continued for some time. 
Later, G. Walker, after his studies on 
the variability of Indian rainfall, identi¬ 
fied a number of regions with similar 


rainfall characteristics. He started sepa¬ 
rate forecasts for NW India, NE India 
and Peninsular India in 1924. The fore¬ 
casts for NE India were discontinued 
after 1935, since the interannual variabi¬ 
lity was well within the normal forecast 
accuracy limits of ±10% of the long¬ 
term mean. There were separate fore¬ 
casts for NW India and Peninsular 
India till 1988, when the practice was 
changed to an all-India forecast. The 
earlier practice of region-wise forecasting 
is more meaningful as the standard 
deviation of seasonal percentage depar¬ 
ture from normal is about 22.4% for 
NW India, 13.5% for the Peninsula, 
7.2% for NE India, and 12.5% for the 
whole of India. The attempt from 1988 
is to predict the average rainfall through¬ 
out the country, which includes the 
highly unpredictable NW region and 
the least variable NE region. This is 
much easier than what was attempted 
earlier and a step backward to pre-1924 
status. It is good to predict the all-India 
rainfall, but it will be better if rainfall 
variation in regions where it is highly 
variable can also be predicted; still 
better if month-wise forecasts could be 
made. 

There is some confusion on the use of 
qualifiers such as ‘normal’, ‘good’ and 
‘bad’ when applied to rainfall statistics. 
The practice of the India Meteorological 


Department (IMD) was to consider 
rainfall within ± 10% of the long-term 
mean as normal for the regions and 
rainfall within ±19% of the long-term 
mean as normal for the subdivisions. 
This is equivalent to an assumption that 
rainfall will be normal 50-60% of the 
time in the regions and 38-99.7% of the 
time in the subdivisions, depending 
upon the standard deviation for the 
subdivision. The result of this practice is 
that rainfall will be normal nearly all 
the time in subdivisions where the 
standard deviation is low. 

It appears reasonable to define 
‘normal’ in terms of standard deviations 
for India as a whole, for regions, and for 
subdivisions. In the present discussion, 
‘normal rainfall’ is defined as that within 
±i the standard deviation of seasonal 
percentage departure from the long¬ 
term mean. This is equivalent to the 
assumption that rainfall will be normal 
38% of the time. This criterion may be 
applied to all-India as. well as to 
regional and subdivisional levels. The 
rainfall is ‘excess’ when the percentage 
departure from the normal is above this 
defined normal, and ‘deficient’ when it is 
below. A ‘good’ or ‘bad’ monsoon has 
to take into consideration the percen¬ 
tages of areas receiving normal, excess 
or deficient rainfall also, A year may be 
considered as a ‘good’ monsoon year 
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when more than two-thirds of the 
country gets excess or normal rainfall, 
and ‘bad’ monsoon year when more 
than two-thirds of the country gets 
deficient rainfall. 

The official prediction of a normal 
monsoon for the 1989 season was 
statistically correct. The areas of the 
subdivisions that received normal, excess 
and deficient rainfall during the 1989 
summer monsoon season, according to 
our definition, are shown in Figure 1. 
The figure is based on operational data 
from IMD and may change slightly 
when the correct figures are available. 
The pattern is strikingly similar to the 
pattern of the third principal component 
that emerged from the EOF analysis of 
Indian rainfall series by Bedi and 
Bindrah The rainfall was fairly low in 
NW and central India (in the monsoon 
trough region) and fairly high in the 
SE region. The all-India rainfall is 
normal when we take the average of all 
the regions. However, it is not a realistic 
assessment of the actual rainfall situation 
during the 1989 monsoon. There are 
certain years when rainfall is excess, 
deficient or normal nearly all over 
India. There is something subnormal 
with the 1989 all-India rainfall pattern 
and it was definitely not a good 
monsoon year. 


*0* toT tb bcT ta’ »o’ 



rtf ^ 


The forecasts of summer monsoon 
rainfall issued by meteorologists of DST 
during the last two years were based on 
16 parameters and three models. The 
best of their models, the power regres¬ 
sion model, has an accuracy of ±4%. 
The root mean square error in the 
forecast by the two-parameter formula 
of Shukla and Mooley^ is claimed to be 
only 4.2%. The inclusion of a number of 
additional parameters has not improved 
forecast accuracy considerably. 
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In their parametric model, Gowariker 
et al^ considered a year as a drought 
year when the all-India rainfall deviated 
more than 10% from the long-term 
mean. All other cases were considered as 
normal years. Because of such a defini¬ 
tion, rainfall will be ‘normal’ in three 
out of four cases on a long-term basis, 
as seen from data given by them from 
1951 to 1988. The parameters are used 
to predict the group in which a 
particular year will fall. 

A usual difficulty in using a large 
number of parameters for long-range 
forecasting is that of cross-correlation 
between the parameters. It appears to 
us that all the 16 parameters considered 
for the forecast are related to a fewer 
number of factors or phenomena. Wal¬ 
ker had earlier noticed that an increase 
in the number of parameters does not 
enhance the accuracy of a forecast using 
a multiple regression equation. We feel 
that this observation is applicable to 
both multiple regression models and 
power regression models. 

One of the major problems in long- 
range forecasting of Indian rainfall is 
that we have not fully understood the 
physical mechanisms causing excess/ 
deficient rainfall. In February 1990, 
when the present forecast was made, 
data on several of the 16 parameters, 
including important ones like the 500- 
mb ridge position and the Darwin 
pressure anomaly, were not available. 
The forecast must have been made from 
data on a few parameters, and perhaps 
the tendencies of the rest of the 
parameters. Moreover, the atmospheric 
parameters are known to have poor 
persistency. While the attempt is good 
and is based on data for a number of 
parameters, we think that the present 
forecast, unless modified later, may not 
stand the test of time. 

Our opinion, that the Indian rainfall 
during 1990 may be below normal, is 
based on the insight we have gained 
through the study of the ocean-atmos¬ 
phere interaction over the Pacific Ocean 
and its influence on Indian rainfall. We 
feel that the Pacific Ocean exerts a great 
influence on Asiatic monsoon rainfall in 
general. It may be noted that six out of 
the 16 parameters considered for the 
present long-range forecasting of Indian 
rainfall are related to El Nino/Southern 
Oscillation (ENSO), a Pacific Ocean 
phenomenon. 

We have observed an interesting 
25 APRIL 1990 


relationship between the orientation 
and spread of the Pacific Ocean Warm 
Pool (POWP, areas of the Pacific 
Ocean where the sea surface temperature 
is more than 29°C) and Indian rainfall'^. 
The position of POWP is also related to 
the ENSO phenomenon. In our opinion, 
POWP is the link between Asiatic 
monsoon and ENSO, since both depend 
upon the position of POWP in the 
Pacific Ocean. Our study shows that the 
Indian rainfall is less when POWP is 
located farther away from the Indian 
subcontinent and more when it is 
nearer. About 64% of the variability of 
the monthly Indian rainfall is explained 
by the position of POWP. The positions 
of POWP during January 1989, June 
1989 and January 1990 are given in 
Figure 2 (hatched areas). The position 
in January 1990 was already east of the 
January 1989 position. As POWP shifts 
or spreads eastward, the atmospheric 
circulation over the Indo-Pacific region 
tend^ to change from predominantly 
Walker-type to predominantly Hadley- 
type. Such a change has an adverse 
impact on Indian rainfall pattern. 
Because of the persistent nature of the 
oceanic changes, there is a high proba¬ 
bility that it may shift/spread further to 
the east during the coming monsoon 
season. Therefore, the central equatorial 
Pacific Ocean is likely to be warmer in 
summer 1990 than it was during the 
summer of 1989, and hence Indian 
summer monsoon rainfall in 1990 will 
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probably be below normal. The rainfall 
pattern may be similar to that in 1986, 
or perhaps even to that in 1982, when 
the all-India rainfall was less than 
normal by about 10% and 13% res¬ 
pectively. 

1 . Bedi, H. S. and Bindra, M. S., Tellus, 1980, 
296. 

2. Shukla, J. and Mooley, D. A., Mon. 
Weath. Rev., 1987, 695. 

3. Gowariker, V. etal., Mausam, 1988, 115. 

4. Gopinathan, C. K., Curr. ScL, 1988, 1163. 

C. K. Gopinathan 
J. S. Sastry 

National Institute of Oceanography 
Dona Paula, Goa 403 004 


Vasant Gowariker and V. Thapliyal 
reply: 

Gopinathan and Sastry (GS) have 
expressed the opinion that the success of 
two long-range forecasts (1988 and 
1989) has encouraged DST/IMD to 
issue extra-long-range forecast of mon¬ 
soon rainfall for 1990 as early as in 
February. Research on long-range fore¬ 
casting is a continuous process in 
DST/IMD and the extra-long-range 
forecast is based on the encouraging 
results of subsequent work. 

The forecast of a below-normal mon¬ 
soon in 1990 by GS is based on data on 
a single parameter (migration of warm 
water pool) for 8 years (1982-1989) and 
has obvious limitations. It is well known 
that over a long period of time no 
parameter exhibits one-to-one relation¬ 
ship with the Indian monsoon rainfall; 
the correlation coefficient between a 
parameter and monsoon rainfall has in 
the past changed not only in magnitude 
but also in sign. Therefore inclusion of a 
larger number of physically linked 
parameters has the inherent advantage 
of maintaining forecast accuracy at a 
reasonable level. This has led to the 
development of different forecast tech¬ 
niques, like multiple screening regression, 


power regression, dynamic stochastic 
transfer and parametric model. 

GS have expressed reservations about 
the use of 16 parameters in the power 
regression model. These parameters are 
physically linked with the monsoon. 
Besides the statistical significance of 
individual parameters, there are several 
other reasons for inclusion of all the 16 
parameters in the power regression 
model. Our parametric model uses the 
parameters for the forecast in two 
stages. First the data on the 16 para¬ 
meters are assessed qualitatively as 
favourable or unfavourable, in each 
case, and a qualitative forecast is 
prepared. Secondly a quantitative fore¬ 
cast is formulated. For this purpose all 
the 16 parameters are used in the power 
regression model. To achieve this^ 
various experiments were carried out 
and it was found that the best-fit model 
is achieved when all the 16 parameters 
are arranged in the order of magnitude 
of their correlation coefficients vvith the 
monsoon rainfall. In this process the 
variance explained by successive para¬ 
meters goes on decreasing but the 
addition of every parameter explains 
some additional variance, which ultima¬ 
tely contributes to the accuracy of the 
forecast. Regarding the comment of GS 
on model errors, we wish to state that 
the same model can have different root 
mean square errors for different periods 
of time. Thus comparison of errors 
obtained from two models has no 
relevance in judging the accuracy of a 
model in independent real-time situ¬ 
ations. 

GS have also suggested that limits of 
± i the standard deviation may be 
considered for defining normal monsoon 
rainfall. In our opinion there is no hard 
and fast rule for framing such a defini¬ 
tion. The definition suggested has inhe¬ 
rent limitations like any other definition. 
Keeping in view the variability of 
monsoon rainfall and the predictive 
power of the long-range forecast of 
Indian monsoon rainfall, the definition 
of normal monsoon used in our paper 
remains valid and in fact is widely used. 

GS state that our 1989 forecast was 
not correct. This is not borne out by the 
facts. Our forecast indicated that the 


monsoon rainfall over India as a whole 
during the 1989 monsoon season was 
likely to be 102% of the normal, with 
model error of ±4%. The observed 
monsoon rainfall in 1989 was 101.4% of 
the normal. GS have suggested that a 
year may be considered as a good 
monsoon year when more than two- 
thirds of the country gets excess or 
normal rainfall. Even by the criterion 
suggested by them, our 1989 forecast 
has been validated as more than 80% of 
the country received normal or above¬ 
normal rainfall during monsoon 1989 
(Figure 1 of GS needs some corrections 
in view of data from more stations). The 
authors’ contention is thus not borne 
out by the facts. 

GS also feel that issuing a forecast 
only for the country as a whole is a 
retrograde step. We do not agree with 
this view. With the development of the 
parametric and power regression models, 
it has become possible, for the first time, 
to judge the limits of confidence assign¬ 
able to a particular year’s forecast- In 
the past 39 years, when more than 70% 
parameters were favourable monsoon 
rainfall for the country as a whole has 
been found to be on the positive side of 
normal. In addition, with the develop¬ 
ment of these two models for long-range 
forecast of monsoon rainfall over India 
as a whole, the accuracy of the forecast 
has been found to be higher compared 
to forecasts that can possibly be issued 
at this stage for larger divisions of India. 
In view of this, it is worthwhile to issue 
a long-range forecast of higher accuracy 
so that users have confidence in the 
forecast and use It. Research is under 
way at IMD to develop similar forecast 
models for larger divisions of India also. 

1. Gowariker, V. etal., Mausam, 1988,115. 

Vasant Gowariker 

Dept of Science and Technology 
New Delhi 110 016 

V. Thapliyal 

Meteorological Office 
Ganeshkhind Road 
Pune 411005 
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Indian software for British companies 


Faced with reduced budgets British 
companies have found a way to cut 
down expenses—by borrowing Indian 
expertise. Indian computer programmers’ 
salaries are about a fifth of the UK 
average and the quality of their work is 
of international standard. London Un¬ 
derground is said to have rejected local 
companies in favour of the New Delhi- 
based Computer -Maintenance Corpo¬ 
ration (CMC) Ltd. 

The number of Western companies 
relying on foreign firms for software 


development is on the increase and 
India could become the main software 
centre for the West. According to the 
Indian Electronics and Computer Soft¬ 
ware Export Promotion Council (ESC), 
most computer staff have postgraduate 
degrees and there are nearly 1000 tech¬ 
nical institutions training 250,000 staff 
each year. India has more than 2 million 
scientific and technical graduates who 
look upon information technology as a 
lucrative career. 

The Indian information technology 


market is now worth about $ 1 billion, 
with software sales accounting for over 
$ 200 million. Eighty per cent of Indian 
software exports are from contract 
services for foreign companies (as 
opposed to income from exporting soft¬ 
ware products). Since Singapore, Malay¬ 
sia, the Philippines, Thailand and China 
are also in the race for exporting skills, 
it would be worthwhile for India to 
heighten international awareness of its 
potential for handling information tech¬ 
nology projects. k 


RESEARCH NEWS 

Global warming—satellite data should make advocates 
cool their heels 

Anna Mani 


Accurate measurements of global atmos¬ 
pheric temperature are needed for the 
evaluation of global climate models and 
for the detection of climate changes, 
particularly of possible greenhouse 
warming. There has been much debate 
in the recent past whether there has 
been a global wanning due to the green¬ 
house effect or not. Surface temperature 
records, used to study changes in global 
temperatures, are generally unsatisfac¬ 
tory, being very sparse, particularly over 
vast oceanic areas and remote land 
areas. Even urban areas, where long¬ 
term measurements are available, repre¬ 
sent a small fraction of the globe, and in 
cities temperatures are affected by heat 
from man-made structures, making re¬ 
cords at these stations difficult to 
interpret. 

Sensors on satellites, on the other 
hand, can provide nearly complete 
global coverage within a day and can 
also obtain measurements from different 
levels of the atmosphere. In a very 
interesting paper \ Roy Spencer of the 
Marshall Space Flight Center and John 
Christy of the Johnson Research Center 
of the University of Alabama, both in 
Huntsville, Alabama, USA, show that 


accurate long-term global temperature 
measurements can be obtained from 
satellites now in operation and that 
passive microwave radiometry from 
satellites provides more precise atmos¬ 
pheric temperature information than 
that obtained from the sparsely distri¬ 
buted thermometers over the Earth’s 
surface; they also suggest that satellite 
rhicrowave radiometers, because of their 
demonstrated stability and the global 
cover they provide, should be made the 
standard for monitoring global tempe¬ 
rature anomalies. Their most important 
finding, however, from an analysis of 
the first ten years (1979-1988) of satel¬ 
lite measurements of lower atmospheric 
temperatures, is that, while large tempe¬ 
rature variability was recorded on 
weekly to multi-yearly time-scales, there 
was no obvious temperature trend noted 
during the 10-year period. 

The microwave sounding units (MSUs) 
used in the US National Oceanic and 
Atmospheric Administration (NO A A) 
satellites measure the thermal emission 
of radiation by atmospheric oxygen at 
four frequencies near 60 GHz and are 
calibrated in flight against the cosmic 
background radiation (constant at 2.7 K) 


and a warm target in the instrument 
that has its temperature continuously 
monitored by redundant platinum resis¬ 
tance thermometers. Comparisons be¬ 
tween two MSUs, operating simul¬ 
taneously on two separate satellites over a 
period of two years, showed that both 
satellites were measuring nearly the 
same temperature variations and that 
hemispheric temperature anomalies 
(temperature deviations from the average 
temperature for a particular time of the 
year) can be measured with relatively 
little error from a single satellite. They 
estimated the precision of monthly sate¬ 
llite measurements to be about dbO.OUC 
for the globe. Comparisons with radio¬ 
sonde data from the 66 stations in the 
US, after correcting for time mismatches 
and radiosonde calibration errors etc., 
showed no long-term trend in the nine 
years of differences between MSU- and 
radiosonde-calculated ‘brightness tempe¬ 
rature’ values Tb and gave a monthly 
standard deviation of 0.068°C. Compa¬ 
risons with records of temperature 
variability from near-surface thermo¬ 
meters in the US weather observing 
network for the period 1979 to 1987 
showed the monthly temperature anoma- 
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Hemispheric temperature anomalies for the 10-year period 1979 
through 1988. S and N refer to southern and northern 
hemispheres respectively; the global time series is in a continuous 
line. 


lies from thermometers and the MSU’s 
monthly mid-tropospheric temperature 
anomalies to be similar, with a corre¬ 
lation coefficient of 0.89, but the surface 
anomalies were typically two to three 
times as great as the MSU anomalies 
and were probably caused by daytime 
solar heating and night-time cooling of 
the surface. Considering therefore the 
important issue of whether near-surface 
temperatures or deep-layer temperatures 
should be monitored for detection of 
climate change, they suggest that it 
would be best to monitor both in order 
to gain an understanding of how the 
entire troposphere behaves, the latter 
having, however, the advantage of 
freedom from surface effects and being 
capable therefore of providing an earlier 
signal of possible greenhouse warming. 

Large fluctuations in the hemispheric 
and global temperatures were observed 
during the 10-year period 1979-1988 
(see figure), the warmest years, in 
decreasing order, being 1987, 1988, 1983 
and 1980, and the years 1984, 1985 and 
1986 being the coolest. No obvious long¬ 
term trend was noticed, anomalies 
during the first five years nearly balanc¬ 


ing those during the last five years. The 
1988 and 1980 warm events were traced 
to the mid-latitudes, while the 1987 and 
1983 warm events were associated with 
El Nino/Southern Oscillation events 
(ENSOs), the 1983 event causing globally 
averaged temperatures to rise more in 
several months than what would be 
expected in several decades with enhanced 
greenhouse warming. The period 1984 
to 1986 was dominated by cooler-than- 
normal tropical air. There were nine 
cool or warm years and only one year 


(1981) that could be considered ‘aver¬ 
age’ in the 10-year period studied. This 
makes one, as it does the authors, 
wonder what ‘normal’ for global tempe¬ 
ratures means, since ‘normal’ can mean 
either warm or cool conditions. 


1. Spencer, R. W. and Christy, J. R., 
Science, 1990, 247, 1558. 


Anna Mani is in the Bangalore Field 
Research Unit of the Indian Institute of 
Tropical Meteorology. 


Solvophobic effects drive self-assembly and neutral 
molecule recognition in organic media 

P. Balaram 


Water and the hydrophobic effect^ are 
central to biological organization. Mem¬ 
branes and the convoluted structures of 
globular proteins are two striking 
examples of the importance of hydro- 
phobic interactions in facilitating mole¬ 
cular self-assembly and the three dimen¬ 
sional folding of complex macromole¬ 
cules. Hydrophobic effects, or the ten¬ 
dency of apolar groups to cluster 
together and avoid exposure to the 
aqueous medium, are often crucial in 
biological recognition processes like 
ligand-receptor interactions. Can self- 
organization and specific recognition 
between neutral molecules be achieved 
in non-aqueous media? The thrust of 
several recent reports in this area 
suggests that Nature’s devices can be 
mimicked, in albeit limited fashion, in 
organic solvents. 


An exciting report, from Japan by 
Ishikawa et ah at Kyushu University, 
describes the spontaneous formation of 
bilayers by perfluoroalkyl derivatives, in 
organic media^. Compound 1 is amphi¬ 
philic and forms bilayers in water^. 
Modification of the structure to replace 
the polar head by a neutral apolar 
group yields 2 , which forms highly 
organized aggregates in cyclohexane. 
This feature is evident from the high 
intensity of the circular dichroism bands 


due to the aromatic rings (2 is chiral 
and is derived from L-glutamate). Elec¬ 
tron microscopy of samples stained with 
Pb(II)hzs(acetylacetonate) revealed the 
presence of vesicles of diameter 200 - 
1000 A. Alternative morphologies like 
twisted tapes are also observed as a 
function of temperature. The authors 
interpret their electron micrographs and 
CD data in terms of formation of a 
bilayer structure (Figure 1). The fluoro¬ 
carbon chain by virtue of its limited 
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0 H 
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CF3-(CF2)7-CH2-CH2-0-C-C-N-C--(0)-0-(CH2)4-N(CH3)3 
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Cram’s cavitands, Limaye and Rasayanam 


Among the many intricate molecular 
receptors synthesized by Donald Cram 
(Nobel Prize in Chemistry, 1987) are the 
structures highlighted in the accompany¬ 
ing article. An important intermediate 
in the construction of such molecules is 
the structure 1, which in turn is derived 
from the simple starting material, 2-alkyl 
resorcinols, 2. Substitution of resorcinol 
at the 2-position was first developed in 
Pune, by Dattatraya Balkrishna Limaye 
(1887-1971) in the 1930s. Cram’s 1990 
paper ^ quite appropriately eites the 
i procedure published by Limaye and 
I Ghate in Rasayanam^. 


and the Indian ethos led to his starting 
the journal Rasayanam in 1936, where 
he published several original and impor¬ 
tant findings. He had a dominant role in 
shaping the development of a viable 
school of organic chemistry in Pune, 
culminating in the present chemistry 
department at the Poona University 
campus at Ganeshkhind. Appropriately, 
the department celebrated the Limaye 
centenary in 1987, with a symposium 
devoted to trends in contemporary 
organic chemistry. 

Cram’s citation, of an over half a 
century old paper from Rasayanam, 


H R 




Limaye’s interest in chemistry was 
evident even while a student at Fergus- 
son College, Pune, when he started a 
venture to produce fine chemicals—the 
Balkrishna RasashaUr^. The major part 
of his career was spent at the Ranade 
Institute of Industrial Chemistry (1912- 
1946), an institution originally establi¬ 
shed by Gopal Krishna Gokhale. Here 
Limaye rose from industrial chemist to 
director and established a flourishing 
centre for applied organic chemistry. It 
was here that he developed his ‘Nidhone 
Process’ for the synthesis of 2-substi- 
tuted resorcins and furocoumarins, both 
of which are early landmarks in the 
development of Indian organic chemi¬ 
stry. Limaye’s devotion to chemistry 


should gladden the hearts of the editors 
of Indian journals and their authors. It 
also reminds us of Limaye and another 
time and another age, when research 
was carried out in isolation, under most 
difficult conditions, fuelled only by 
dedication, motivation and imagination. 


1. Bryant, J. A., Knobler, C. B. and Cram, 
D. J., J. Am, Chem. Sac., 1990, 112, 1254. 

2. Limaye, D. B. and Ghate, I., Rasayanam, 
1936, 1, 39. 

3. Biographical information on D. B. Limaye 
has been taken from a write-up by Dr 
K. G. Marathe, kindly provided by Prof. 
N. S. Narasimhan. 


P. BALARAM 
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HYDROCARBON |<—FLUOROCARBON->| HYDROCARBON 


Figure 1. 

miscibility with the hydrocarbon solvent 
acts as the ‘solvophobic unit’. Ishikawa 
et al} are also .quick to point out that 
‘compartmentalization of the molecular 
space can be realized even in organic 
media’ and optimistically anticipate 
‘emergence of a wholly new branch of 
organic chemistry’. 

In a different vein Donald Cram and 
coworkers at the University of Cali¬ 
fornia at Los Angeles, report on a high 
degree of structural recognition achieved 
by neutral molecules, with large apolar 
surfaces, in chloroform solution"^. Impor¬ 
tantly, this molecular recognition process 
occurs in the absence of any obvious 
electrostatic or hydrogen bonding inter¬ 
action. Structure 3 (the latest in a long 
series of ‘molecular vessels’ from Nobelist 
Cram), forms extraordinarily stable 
dimers in chloroform (Ka87,000 M “ \ 
AG°--6.6kcalmor' at 12°C)^ 
Dimerization is visualized as in Figure 
2, with the two molecules being twisted 
by 90^ permitting methyl projections on 
one to nestle into host cavities in the 
partner. Replacement of the projecting 
methyl groups by ethyl abolishes 
dimerization. A crystal structure of 3 
reveals as many as 70 atom-atom van 
der Waals contacts at the interface, 
with a further 44 atoms at a contact 
distance plus 0.1-0.2 A (ref 4). Such 
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Figure 2. 

interactions between large pre¬ 
organized apolar surfaces in organic 
solvents are probably facilitated by 
entropic advantages of desolvationA 
recent crystal structure determination of 



4 


a guest chloroform molecule (circle) 
entrapped in a molecular host 4, 
provides a further example of complex- 
ation in the absence of hydrophobic 
effects^. While several such instances are 
known, Canceill et aL^ suggest that 


these be viewed as van der Waals 
molecules, thus extending the definition 
to species with appreciable lifetimes. 

Non-aqueous media should be a 
happy hunting ground for organic 
chemists bent on imitating Nature, 
especially for those who have a phobia 
about working in water. 
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Research and development in aircraft gas 
turbines at the Gas Turbine Research 
Establishment 


Arun Prasad 


The Gas Turbine Research Establishment 
(GTRE) of the Defence Research Deve¬ 
lopment Organization (DRDO) was 
started nearly three decades ago to 
design and develop aero engines princi¬ 
pally for military aviation, and to 
establish the required test and research 
facUities for component and full scale 
engine development and to execute 
research and development connected 
with new designs. 

In essence, this charter was the 
cornerstone of applied research and 
associated development in many aspects 
of gas turbine technology. To name a 
few areas, aerothermodynamics and 
internal flows in turbomachinery, com¬ 
bustion of liquid fuels and combustion 
chamber development including after¬ 
burners, rotor dynamics, vibration, stress 
analysis using finite element methods, 
experimental stress analysis, heat transfer 
in air cooled turbine blades, structural 
integrity and mechanical behaviour of 
engine compoi)ents. 

R&D work in the field of gas turbines 
demands availability of a continuous 
large air mass flow around 30kgs~^ at 
reasonably high pressures (6 to 15 atm.). 
The air would cater for aerothermo- 
dynamic studies on engine components 
such as turbines, combustors, after¬ 
burners, propelling nozzles and for heat 
transfer studies in full size turbine 
blades and vanes. The compressors, on 
the other hand, need a large shaft power 
(around 8000 kW) for testing them at 
their design speed which is normally 
above 10,000 rpm. As part of its charter, 
GTRE settled on an unique way of 
providing such a facility at relatively 
low cost. The method was to expand the 
exhaust energy, obtained by running a 
grounded aircraft’s gas turbine engine, 
through a free (i.e. unconnected) power 
turbine which provided shaft power in 
two modeS““(i) to a plant compressor 
of the centrifugal type for high-pressure 
air supply or (ii) to the research com¬ 


pressor undergoing development. 

The efforts on aerothermodynamic 
experimental investigations have to be 
matched with facilities that allow investi¬ 
gation of structural integrity and life of 
components before a prototype engine 
is tested on its test stand. Thus, specia¬ 
lized rigs have been established for 
fatigue testing of titanium compressor 
blades, cyclic spin testing and overspeed 
burst testing of titanium compressor 
rotor drums and super alloy turbine 
discs, and torsional fatigue testing of 
shafts. 

An aircraft gas turbine engine has to 
deliver its rated thrust and performance 
at various flight conditions. Thus, the 
engine has to be tested in a facility that 
can simulate the normally aspirated 
engine inlet condition, as also that at 
high forward speeds of the aircraft at 
both high and low altitudes. The high 
Mach No. test facility (Figure 1) caters 
for testing of engines corresponding to a 
high inlet temperature and pressure as is 
prevalent on a hot day at high forward 
speeds. 

In summary, the basic infrastructure 
for the design and development and 
associated research on full-scale gas 


turbine engine components has been 
established at GTRE. Over the years, 
technology demonstrator projects have 
been successfully completed. An engine 
development programme for the light 
combat aircraft (LCA) has now com¬ 
menced. In the course of this work, 
some interesting technical concepts have 
been made use of. These are highlighted 
below. 

Technical innovations 

High-performance cooled turbine blade 

To be able to operate effectively at the 
high gas temperature of 1650-1 TOOK, 
the high pressure turbine vane (stator) 
and turbine rotcr blade are designed 
with internal cooling passages through 
which air tapped from the compressor 
of the engine is passed. The hottest 
parts of the blade are the leading edge 
and the trailing edge. The leading edge 
is cooled by impinging the cooling air 
passing through the blade in a metered 
manner to cope with the external gas 
temperature profile. Also, the cooling 
air cools the root of the blade through a 
multipass (serpentine) zigzag route 
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Figure 2. Cooled turbine blade details. 


testing as the HP turbine rotor stage in 
an actual engine at the GTRE test 
stand. 

Squeeze film dampers 

The adaptation of squeeze film dampers 
at the bearing supports has been acx^epted 
as an effective method for alleviating 
high engine vibrations, thereby enhancing 
the life and the general mechanical 
integrity of the engine. In the case of the 
engine being developed at GTRE, the 
thrust bearing at support 1 (at the low 
pressure compressor) is subjected to 
radial and thrust loads. A damper was 
designed for this support by providing 
an oil film in the radial and axial 
directions. The rotor vibrations are 
caused when the rotor centre is no 
longer in a circular synchronous orbit 
around the geometric centre. The squeeze 
film, characterized by its land width, 
film thickness, end seals and oil supply 
pressure was optimized to successfully 
attenuate the vibration so as to enable 
the engine to accelerate without vibration 
and to cross over critical speeds (Figure 
4). A design data bank for such squeeze 
film dampers is now available so that 
reduction in engine rotor vibration 
levels could be realized using the 
optimized damper configurations. 

Incipient failure detection device 

During the development testing of the 
engine, there was a need to monitor the 
condition of the hot parts of the engine, 


through pin fins (Figure 2). The air 
effluxes through slots in the trailing 
edge. The design is based on a heat 
transfer analysis using the finite element 
method (Figure 3) to maintain allowable 
blade stresses at permissible surface 
temperatures at all points on the blade 
for a prescribed gas temperature distri¬ 
bution. Such a blade design has been 
optimized for a maximum life of 400 h 
in the actual rotational environment. 
The blades were made by precision 
casting, that is by shell moulding and 
vacuum casting with directional solidi¬ 
fication. Validation of the design was 
done by testing the blade in a stationary 
cascade arrangement where the gas 
temperature was at the design value and 
the mass rate of flow of cooling air to 
gas flow was kept the same as the exact 
engine. This blade is now undergoing 
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Figure 4. Optimized squeeze fiim damper configuration. 



such as combustion chamber, turbine 
nozzle vanes, turbine discs, afterburner 
flame stabilizer and variable nozzle 
flaps. It was necessary to monitor and 
analyse any debris since structural 
failure of any of these components 
would be liable to cause a disastrous 
failure of the whole engine. More so, on 
a development engine where considerable 
investment has been made in instru¬ 
mentation, data acquisition and inno¬ 
vations in components, this incipient 
failure detection system would predict 
engine distress by evaluating the in¬ 
creased electrical activity in the engine 
exhaust system, enabling the engine to 
be shut down before a catastrophe. It is 
based on the principle that, in any metal 
part that is on the verge of failure, 
particles are generated by spallation of 
fine metal powder when surface cracks 
propagate or by rubs on the seals, or 
rubbing of blades on casings due to 
reduced tip clearances. The particles are 
carried downstream into the exhaust 
pipe and nozzle. The device, in question, 
consists of electrostatic probes mounted 
on the exhaust (jet) pipe of the engine. 


The probes used in this case were a 
triangular grid within an outer circular 
grid (Figure 5). The particles released 
from the metal while passing down the 
gas stream get charged electrically, and 
while impinging on the grid described 
above they cause voltage spikes in it. 
The voltage spikes are processed and 
counted on a calibrated digital counter. 
An increase in the rate of the counts 
beyond a pre-determined threshold level 
is an indication of an impending failure 
of the part within the engine. This 
device is being constantly used for every 
test run of each engine at GTRE. 

Measurement of rotor tip clearance 

In axial flow compressors the clearance 
between the tip of the rotor blade and 
the casing is a critical parameter that 
determines the efficiency of the com¬ 
pressor and its stability margin (its 
ability to deliver air in a smooth 
through flow). When the compressor is 
unstable the flow is highly fluctuating 
and results in severe vibrations of the 
blades causing catastrophic fatigue failure. 


On the other hand, a too tight clearance 
for better efficiency could cause the 
rotor blade to rub on the casing (as 
described above) during rapid accele¬ 
rations and decelerations due to flexure 
or bouncing of the flexible drum com¬ 
pressor rotor. Thus a precise measure¬ 
ment of the rotor tip clearance during 
transient/steady state running of the 
engine was required. The problem was 
solved by mounting on the casing a 
capacitance transducer, which was non 
intrusive in nature. A hole was drilled 
on the casing such that the mid chord of 
the blade section of the tip was viewed 
by the transducer. The sensitivity of the 
device increases rapidly as the proximity 
of the pick up to the blade tip increases, 
making it ideally suited for accurate 
measurement of very narrow clearances. 
Digital circuitry along with memory is 
used to accurately convert the output 
into clearances in engineering units. The 
device is calibrated, so that a print out 
is obtained on-line of clearance vs 
engine speed. 

Measurement of rotor blade vibration 

A similar non-intrusive capacitance 
transducer has been used to measure 
blade vibration. Blade vibration is 
expressed in terms of qf value, where a 
is the semi peak to peak amplitude and 
/ the frequency of vibration. The device 
computes qf values from measurement 
of instantaneous blade tip velocity. The 
instantaneous tip velocity is the sum of 
tip speed due to rotation and the 
velocity of blade vibration. Digital 
circuitry extracts the modulation due to 
blade vibration. The blade vibration of 
each blade in a blade row is displayed 
by a raster. This method of blade 
vibration measurement is simpler and 
more direct than the conventional 
method of measurement through strain 
gauges mounted on the blade, as it 
relates directly to the fatigue life of the 
blade. 

Monitoring compressor surge 

The phenomenon of compressor surge 
occurs in an engine when the air flow 
into the compressor is distorted or when 
during sudden engine acceleration the 
blockage downstream of the compressor 
is so large as to cause separation of flow 
on the compressor air-foils. Such sepa¬ 
rated flow usually occurs in isolated 
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pockets along the compressor annulus 
and leads to stalling of the airfoils 
(rotating stall). As a result, the through 
put of the compressor is unsteady and if 
the blockage is not relieved leads to a 
total reversal of flow in the compressor. 
This is called surge. In a two spool 
engine (called thus because of its two 
concentric shafts, one driving the low 
pressure spool and the other high 
pressure spool), there is a larger suscep¬ 
tibility to surge the LP compressor 
while decelerating and the HP com¬ 
pressor while accelerating. Hence, an 
adequate surge monitor system was 
essential during the development testing 
of the GTRE engines. The system 
developed at GTRE consisted of a Z-80 
microprocessor, 16 K RAM, 4 K ROM, 
diskette drive, analog input subsystem 
and a colour graphic terminal. 

The analog input subsystem caters for 
8 channels of input parameters and 
consists of transducers, signal condi¬ 
tioners, multiplexer, sample and hold 
amplifiers and analog to digital converter 
(ADC). The signals from these tempe¬ 


rature and pressure transducers are fed 
to signal conditioners whose output is 
about 10 V for maximum range of each 
parameter. The outputs of the signal 
conditioners feed into a solid stale 
multiplexer which scans them sequen¬ 
tially. The ON resistance of the multi¬ 
plexer is about 300 ohm and transfer 
accuracy is 0.01%. The output of the 
multiplexer goes into a sample and hold 
amplifier. This amplifier samples each 
signal and holds it till the ADC 
converts the analog signal into a 12 bit 
digital signal. The acquisition time of 
the sample and hold amplifier is 1 ^s 
and the droop rate 1 juVs~^ The 
conversion time of the analog to digital 
converter is 25 fis. The output of the 
ADC is fed to the microprocessor system. 
The rig tested compressor characteristic 
(called compressor map) is drawn on the 
colour graphic terminal which is con¬ 
nected to the microprocessor through 
the RS-232 C interface. The compressor 
characteristic shown in Figure 6 has 
the engine operating line also traced on 
it. The transient excursions of the 
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Figure 6. Compressor characteristic showing 
excursions of engine operating line during accele¬ 
ration and deceleration. 


operating line during engine acceleration 
and deceleration should not cross the 
surge line for smooth surge-free opera¬ 
tion. The data of the compressor 
characteristic are stored in the read only 
memory (ROM). On command from the 
keyboard of the colour graphic terminal, 
this characteristic is drawn on the 
display. During the engine test, the 
compressor delivery pressure is aver¬ 
aged from readings taken along its 
annulus. Values of the inlet pressure, 
compressor speed (NL or NH) and 
compressor air inlet temperature are 
measured, averaged for five scans and 
processed. The parameters P2/P1 (pres¬ 
sure ratio across the compressor) and 
mass flow W*Sqrt(T)/AP are computed 
from a look up table. These values are 
computed for every cycle, repeated once 
in 100 ms. The display print out in 
Figure 6 shows a trace during a typical 
acceleration and deceleration of the 
engine. Such a system is a very useful 
tool in optimizing the fuel injection rates 
of the engine as also the jet nozzle area, 
so that the typical 5 s or less acceler¬ 
ation rate for a military engine can be 
met without any harmful effect on the 
engine. 

In conclusion, the work on research 
and development in gas turbine techno¬ 
logy has resulted in the development of 
excellent analytical and experimental 
tools. The benefits of innovations in 
computer science, electronics and 
mechanical engineering have been ex¬ 
ploited towards a better understanding 
of the complex technology. 


Arun Prasad is Emeritus Scientist, GTRE, 
Bangalore, 
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Can practising physicians contribute to 
epidemiologic studies? 

A, S. Nanivadekar 


Epidemiology means the study of disease in populations 
as opposed to patients ^ It provides a data base from 
which a physician can assess the likelihood of various 
possibilities and make proper decisions for the diagnosis 
and treatment of individual patients. The aspects covered 
by the epidemiology of a disease include: prevalence 
(extent) and incidence (occurrence); clinical features; 
associated conditions; causative factors; indicators of 
course and ultimate outcome; tests for diagnosis; 
complications; and treatment. 

Doctors in private practice possess certain attributes 
that are essential for good epidemiologic studies. For 
example, they are spread across the country, and so can 
cover different segments of the population. This offers a 
unique advantage for obtaining representative and large 
samples for study. They see a wider spectrum of disease 
with respect to age group, stage and severity. They 
have closer personal contacts with their patients and 
their families, which facilitates long-term observation. 
What they lack are an exposure to the scientific method 
and a managerial support in organizing and monitoring 
the studies. Given these, they can contribute effectively 
to epidemiologic studies and help collect valuable data 
for health care decisions. This has been my experience 
over the last two decades, and I wish to illustrate this 
with a few examples. 

Respiratory infections 

Infections of the bronchi and lungs are common in any 
community. A variety of microbes are responsible for 
them, but the common ones are Streptococcus pneumo¬ 
niae, Haemophilus influenzae, and Mycoplasma pneumo¬ 
niae, The last of these has been reported to be the cause 
in about 15% of cases when special diagnostic tests 
were used^. However, a few laboratories are able to 
isolate it from the sputum and culture it. As a result, 
many doctors are not aware of its role. This matters 
because some antibiotics are effective against this 
microbe, in addition to the others, while some are not. 
Therefore, awareness of the role of this microbe in 


A. S. Nanivadekar is Medical and Research Director, Pfizer Limited, 
Bombay 400 021. Paper read at the Menon Foundation Symposium, 
The role of clinical research in health care delivery in developing 
countries’, Madras, 23 February 1990. 
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respiratory infections can affect the doctor’s decision 
about treatment. 

One way to make doctors aware of the role of Myco¬ 
plasma pneumoniae was to compare the effectiveness of 
different antibiotics in respiratory infections occurring 
in the community at large. Assuming that the microbe 
caused 10% of the infections, one would expect a 10% 
difference in the efficacy of two antibiotics if one of them 
acted against this microbe and the other did not. If this 
turned out to be a fact, then one would have a sound 
basis for choosing one antibiotic in preference to 
another for the initial treatment of respiratory infections 
in the community. Statistical calculations showed that 
to detect a 10% difference in efficacy (^=10), if it 
existed, in the range of 80% to 90%, would require 
about 200 patients per treatment if the chance of 
getting a false positive result must be as low as 5% 
(2a = 0.05), and the chance of missing a real difference 
must be as low as 20% (jS=0.20). Such a study could 
only be done with the help of doctors in practice. 

From each of our 45 operating areas in the country, 
we selected two doctors who agreed to study 10 conse¬ 
cutive patients according to the plan of study. By ran¬ 
dom assignment, one doctor was requested to compare 
ampicillin (AMP) against oxytetracycline (OXY), and 
the other was requested to compare cotrimoxazole 
(COT) against OXY. Each doctor’s patients were again 
randomly assigned to the two treatments, five to each. 
The criteria of success or failure were defined before¬ 
hand, based on symptoms, signs, chest X-ray and 
blood white-cell count. When the results were analysed, 
the success rates were^: OXY 96% vs AMP 81%, and 
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OXY 94% vs COT 80%. This was consistent with the 
knowledge that OXY is active against Mycoplasma 
pneumoniae, but AMP or COT are not. An unintended 
byproduct was the finding that the success rates with 
OXY were closely similar (96% and 94%) in the hands 
of two different groups of doctors. 

Intestinal worm infections 

This is an important public health problem in our 
country. It may not cause many deaths, but it causes 
much ill health. However, there are no national data 
about their relative prevalence in different parts of the 
country. We needed this information because we were 
about to market a drug for intestinal worms. So we 
decided to collect it in the best way we could"^. In each 
of our 45 operating areas across the country, we listed 
the pathology laboratories under three categories: 
public free hospitals, private paying hospitals 
and personal pathology laboratories. The assump- 
tion was that these categories serviced different 
segments of the population. From each category, then, 
we selected one laboratory randomly and requested 
them for the stool reports of 100 consecutive specimens 
examined by them from the date of request. The per¬ 
centage of samples positive for different worms was 
calculated for the whole country as well as for individual 
states. This helped us to rank the worms in descending 
order of prevalence nationally as: Ascaris lumbricoides 
(large roundworm) 16.3%; Enterobias vermicularis 
(threadworm)* 14%; Ancylostoma duodenale and Necator 
americanus (hookworm) 7%; and Trichuris trichiura 
(whipworm) 3.7%. The variations in regional prevalence 
were also revealing. For example, roundworm was 
common almost throughout the country; threadworm 
was more common in Madhya Pradesh, Rajasthan, 
Assam and Tamil Nadu; hookworm was very common 
in Tamil Nadu and Kerala, but relatively rare in 
Madhya Pradesh and Rajasthan; and whipworm was 
found mainly in certain pockets such as Calcutta, 
Bombay and Kerala. This data base can be a rational 
basis for public health measures such as mass 
deworming and periodic deworming campaigns. 

Diagnosis of threadworm 

As mentioned earlier, threadworm eggs are not usually 
found in the stools. They are laid by the worm at night 
on the skin around the anus. To detect them, it is 
necessary to apply a piece of scotch tape to the area in 


♦Eggs of this worm are found in the stools in only 5% of cases. Hence 
this figure was obtained by multiplying the prevalence in stools by 20. 
The problem of diagnosing this infection is discussed in a later 
section. 


the morning, before the patient gets up and washes, 
and to examine the tape under a microscope. Further, a 
single test may not be successful because the eggs may 
not be laid every day. One test detects about half the 
patients whereas tests on five consecutive days detect 
about 95% of the patients. In practice this is very 
cumbersome to do. However, we had access to a Japanese 
device that allows an adult patient to collect his own 
specimen on two consecutive days in a hygienic 
manner, and to bring the sealed tape to the laboratory 
for examination. A parent can take similar specimens 
for a child. Using two such devices for each patient to 
do the test on four consecutive days, we screened the 
families of 100 consecutive patients with the help of five 
paediatricians^. The results showed that in 80% of the 


Diagnosis of threadworm 
Value of successive smears 



4-ve days 1, 2, 3. 4 

42 % 


families, about 58% of the members were infected. 
Further, of those found infected, only 42% had a 
positive test on all 4 days, 21% were missed on days 1 
and 2, and 37% were missed on days 3 and 4. This 
brought home the importance of proper methodology 
in studying the efficacy of anthelmintic drugs in 
threadworm infection. If only a single test is done after 
treatment, many patients will be found negative and 
assessed as cured; a good trial must use at least four 
consecutive tests after treatment to justify the result as 
cure. 

Post-operative infections 

The human gut normally harbours anaerobic bacteria 
which, along with other microbes, can cause wound 
infections after abdominal and pelvic operations. Until 
the last decade their role was not much appreciated 
because the facilities to isolate them from the wounds 
and grow them in the laboratory were not available. 

To prevent post-operative infections, many surgeons 
use antibiotics (usually a combination of ampicillin 
(A) and gentamicin (G)) before, during, and after the 
procedure. However, these are not effective against a 
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common anaerobe, viz. Bacteroides fragilis. To cover it, 
it is necessary to use a nitroimidazole compound such 
as metronidazole (M) or tinidazole (T). These 
compounds can be given by intravenous infusion, but 
this is quite expensive. If the drugs are to be given 
orally, the dose must be given 12 h prior to operation 
since patients are generally fasted from the 12th hour 
before operation. Further, they should provide effective 
concentrations in the tissues for 48-72 h. Of the two, 
tinidazole has a longer duration of action because it is 
eliminated more slowly than metronidazole, produces 
higher blood concentrations for a longer time, and has 
been used to prevent post-operative infections in a dose 
of 2 g by mouth, 12 h before operation. Would it be' 
more effective than antibiotics alone? And would it be 
more effective and acceptable than metronidazole? 

Statistical calculations showed that a trial to answer 
these questions would need a very large number of 
patients because, with proper aseptic precautions, the 
incidence of post-operative infections is low. Assuming 
this to be 10-15%, and assuming further that nitro- 
imidazoles would reduce it by five percentage points 
(<5 = 5), about 700 patients would be required in each 
group (control and test) if the chance of missing such a 
difference (if it exists) must be as low as 10% (j?=0.10) 
and the chance of getting a false positive result must 
also be as low as 5% (2a = 0.05). Obviously, such a 
study could only be done in the community, i.e. a 
private practice setting. 

Here, we went to the smallest operating areas, which 
number 300, and from each we selected a surgeon who 
agreed to conduct the study as planned. Then we 
divided the 300 investigators randomly into two groups 
of 150 each: one would compare antibiotics (AG) alone 
against antibiotics plus tinidazole (AGT); the other 
would compare antibiotics plus metronidazole (AGM) 
against antibiotics plus tinidazole (AGT). Each surgeon 
was requested to study 10 consecutive patients, and 
these were randomly assigned to the test and the 
control groups. The criteria of post-operative infection 
were defined beforehand. 

The results (under publication) showed the incidence 
of post-operative infections as: AG 14% vs AGT 5%; 

, AGM 17% vs AGT 6%. Thus it was possible to show 
the benefit of adding T to the regimen, and also its 
superiority over M, in a conclusive manner. 

Treatment of amoebiasis 

Amoebiasis is another common condition in our 
country. Although effective drugs such as metronidazole 
and tinidazole are available, their side-effects such as 
nausea, vomiting and bitter taste dissuade patients from 
completing a proper course of 5-10 days. Trials in the 
late 1970s had shown that, because of its long duration 
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of action, tinidazole can shorten the duration of 
treatment to three days if a dose of 2 g is given once 
daily. When the drug was marketed, it was desirable to 
know how it would perform in the real world. Would 
patients willingly take four tablets of 500 mg each at a 
time? Would the treatment be completed or would side- 
effects be a hindrance? To answer these questions, 300 
doctors (one from each operating area) were requested 
to study five consecutive patients each, according to a 
written plan. The results (under publication) showed 
that 1% failed to complete the treatment because of 
side-effects, and 4% were lost to follow-up, which 
means at least 95% could complete the treatment, and 
in these the parasitic cure rate was 91%. 

Special situations 

So far I have described how epidemiologic studies 
through practising doctors can help obtain information 
of practical value to health care delivery and decisions 
—information that cannot be obtained in any other 
way. I would now like to point out some other thera¬ 
peutic problems and situations to which solutions can 
only be found through co-operative research in practice, 
combined with routine patient care. 

If you see the manufacturer’s prescribing information 
on a new drug, you will find statements such as ‘safety 
for use in pregnancy has not been established’, ‘there 
are insufficient data to recommend usage in children 
below 12 years of age’, and ‘dosage for elderly patients 
over 70 years of age has not been established’. These 
may protect the manufacturer legally, but they do not 
solve the real-life problems of doctors and patients. 
However, it is also true that there are ethical constraints 
in setting up studies of new drugs in these ‘therapeutic 
orphans’. Now let us see what happens in practice. A 
doctor faces a pregnant woman, a child, or an old 
person in need of a drug on which information is 
limited. What does the doctor do? He consults his 
colleagues or seniors, refers to whatever related 
literature he can get, uses his common sense and 
judgement, takes the patient or his/her relatives into 
confidence, and then uses the drug cautiously. In most 
cases probably nothing terrible happens, and slowly the 
doctor builds up his own experience and confidence. 
But alas, it is rarely documented, and lost to therefore 
lost to the medical world. In such instances, if doctors 
could write up the case histories and either publish 
them in medical journals, or send them to manufacturers, 
what a wealth of information we could have in a short 
time! 

Another area of concern is the lack of information 
about placental transfer of drugs, and the safety to the 
baby of drugs given to the mother during labour. 
Again, planned experiments may be fraught with 
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problems. But surely the obstetric departments of good 
hospitals can collaborate with clinical pharmacology 
departments, and set-up a routine of collecting from 
each labour case (i) a history of all drugs taken during 
the last month of pregnancy, or given during labour, 
(ii) a sample of the mother’s blood, and (iii) a sample of 
cord blood before the cord is cut^. The samples can be 
stored in deep freeze and analysed later to correlate the 
mother’s and the baby’s plasma concentrations. What a 
wealth of data we can generate with a little planning, a 
little co-operation, and a little desire to combine patient 
care with research. 

Recording and reporting of all adverse clinical 
experiences is another good habit we need to cultivate. 
It could help either to detect rare but serious drug 
reactions at the earliest, or to dispel doubts and 
engender confidence. 

Formation of in-practice research groups interested 
in a common problem could also help discover unforeseen 
opportunities. I recall how, while I was working on the 
clinical programme for a drug that blocks post-synaptic 
a-receptors of epinephrine, some perceptive investiga¬ 
tors discovered its utility in patients with chronic heart 
failure^, in scorpion sting®, in sickle cell crisis, and in 


reducing the time for peritoneal dialysis (unpublished 
personal communications). The history of medicine is 
full of serendipitous discoveries. But, I believe, such 
discoveries are not entirely serendipitous. They may 
stare the doctor in the face, but he needs more than 
eyesight to see them. He needs a perceptive mind that is 
groomed by constant reflection. And that is the real aim 
of research. I long for the day when every doctor will 
realize that practice and research are two sides of the 
same coin: good patient care! 
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Role of relative durations of presence/absence of 
mother mouse (Mils booduga) in circadian 
rhythm of pups 

N. Viswanathan 

Department of Animal Behaviour and Physiology, School of Biological Sciences, Madurai Kamaraj University, Madurai 625 021, India 


The circadian rhythm of locomotor activity of mouse 
pups is influenced by the duration of presence/absence of 
the mother in the 24-hour day. It was found that presence/ 
absence (PA) cycles of 8:16 h, 10:14h, 14:10h and 
16:8 h successfully entrained the activity rhythm of the 
pups whereas PA cycles of 6:l8h and 18:6 h failed to 
entrain. The results indicate that the duration of presence 
or absence of the mother must last at least 8 h of the 
standard 24 h periodicity to effectively entrain the 
rhythm of pups. 


Circadian rhythms are daily rhythms which persist in 
the absence of time cues (zeitgebers) with a period 
length of approximately 24 hh It is now well established 
that presence/absence (PA) cycles of mother mouse Mus 
booduga can act as a zeitgeber and entrain the circadian 
rhythm of locomotory activity of pups both in continuous 
darkness and in continuous light^”"^. The pups took her 
presence to mean subjective day (rest hours) and her 
absence to mean subjective night (activity hours) 
perhaps mirroring the situation in nature. It is well 
known that light/dark (LD) cycles are the dominant 
and nearly universal zeitgebers of circadian rhythms^ 
The functional properties of entrainment of circadian 
rhythms in mammals by LD cycles have been extensively 
studied and well documented^’whereas relatively 
little information is available on other zeitgebers. Daily 
pulses of short duration of just 10 seconds and of 
appropriate light intensities would be sufficient to 
entrain the circadian rhythm in mammals whereas 
pulses of darkness must last at least 2h or more^’^’^~^^. 
In this context it appears to be of interest to know what 
kind of cycles and what appropriate duration of 
presence and absence of the mother may bring about 
the entrainment in the activity rhythm of pups. 
Therefore in the present study a series of experiments 
were conducted to establish whether the ‘duration ratio 
relations’ of PA cycles have any resemblance to those of 
LD cycles. 

Methods 

Pregnant animals of night active M. booduga were 
captured from the fields surrounding the Madurai 
Kamaraj University campus. They were kept in the 
light tight experimental cubicle (I2'x5'xl2). The 
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cubicle was always maintained at constant temperature 
of 28±1°C. The animals were divided into batches of 
4-6 numbers. They generally littered 2-8 pups each. 
The day of birth was designated as day zero. Starting 
on day 5, two pups of either sex were selected from 
each litter, named A and B, and placed separately in 
plastic boxes of 21x15x13 cm. The mothers were 
cyclically presented alternately to the pups as described 
in Table 1. 

Thus cycles of different presence and absence time 
ratios within 24 h were created. Since the pups (A and 
B) of the same litter were used in all series, a mother 
can create two different schedules of PA cycles. Thus if 
it is 6:18 for A it will be 18:6 for B and so on. In other 
words PA cycles to both pups were reciprocal. On day 
16 the pups were introduced individually into activity 
running wheels and their locomotory activity was 
recorded using an A 620 X Esterline Angus Event 
recorder^ 

During entrainment to PA cycles, the phase relation¬ 
ship between onset of a pup activity and the time of 
removal of mother was determined and averaged for 
each animaP. 

The freerunning period (t) was calculated by taking 
onset of activity as reference point, which, in the 
majority of records, exhibits high precision than the 
mid-point or the end of activity^. 

Data presented in Table 2 were subjected to non- 
parametric statistical analysis using the Spearman rank 
correlation coefficient^"^. 


Table 1. Experimental protocol. 


Batch no. 

Litter 

(n=4) 

PA time 
ratio (h) 

Time (h) 

1 

A 

6:18 

P= 1200-1800 

A= 1800-1200 


B 

18:6 

P= 1800-1200 

A= 1200-1800 

2 

A 

8:16 

P= 1000-1800 

A= 1800-1000 


B 

16:8 

P= 1800-1000 

A= 1000-1800 

3 

A 

10:14 

P-0800-1800 
A=1800-4J800 


B 

14:10 

P= 1800-0800 

A = 0800-1800 
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Table 2. Mean period (t) after discontinuation of PA cycles with different PA time ratios. 


Days 


8:16h 


10:14h 


14:10h 


16:8h 

Spearman rank correlation 
■ coefficient (rj of different 
PA time ratios and i 

n 

t±SD 

n 

t±SD 

n 

7±SD 

n 

t±SD 

31-40 

4 

23.48 ±0.30 

4 

23.18±0.84 

4 

23.51 ±0.48 

4 

23.63 ±0.25 

0.382* 

41-50 

3 

23.37 ±0.29 

3 

22.73 ±0.53 

3 

23.40 ±0.21 

3 

23.73 ±0.20 

0.517* 

51-60 

3 

23.43 ±0.28 

3 

22.64 ±0.45 

3 

23.48 ±0.22 

3 

23.68 ±0.26 

0.304* 


*Not significant at 5% probability level 


Results 

Cycles of 8:16 h, 10:14 h, 14:10 h and 16:8 h success¬ 
fully entrained the circadian activity rhythm of pups in 
DD (Figure la-d). Similarities in the type of entrainment 
have been noticed in all these cases. They are: 
(i) During the days of entrainment, the activity of most 
of the animals began immediately after the time of 
removal of the mother and was confined to the hours of 
mother’s absence. The phase angle difference of the 
activity rhythm was positive and very small in the 
range of a few minutes (2-8 min), (ii) When the PA 
cycles were discontinued the rhythm started to freerun 
with the onset of activity coinciding again with the time 
of removal of the mother during the days of 
entrainment. The t of the freerunning rhythm of 
majority of the animals was <24h. No correlation 
between t values and the different PA time ratios was 
found after discontinuation of PA cycles (Table 2; 
P>0.05). 


Figure 2 presents data of failure of PA cycles of 
6:18 h and 18:6 h to entrain the activity rhythm of 
pups. The T of the rhythm is unable to equal the period 
of the PA cycles (T = 24 h), if offered in the form of 
6:18 h or 18:6 h schedules. However, the activity 
rhythm of pups freeruns. In both cases a gradual 
change in t was observed when day advances (Table 3). 

Discussion 

Entrainment of a circadian rhythm by a zeitgeber 
depends on phase control. Cycles of 8:16 h, 10:14h, 
14:10 h and 16:8 h of presence and absence of mother 
mouse entrain the circadian activity rhythm of pups 
(Figure la-d). The entrainment properties in these cases 
are similar to those brought out for entrainment by PA 
cycles of 12:12h^’^. The present results indicate that 
the duration of presence or absence of the mother must 
last at least 8 h of the standard 24 h periodicity to 

T IME (h) 



Figure 1. Double plotted wheel-running activity records of pups exposed to presence/absence cycles with different PA time ratios, n, 
8:16 h; A 10: 14 h; c, 14: 10 h and d, 16:8 h (the presence of mother is indicated by a bar). These cycles successfully entrain the 
activity rhythm. 


410 


CURRENT SCIENCE, VOL. 59, NO. 8, 25 APRIL 1990 

















RESEARCH ARTICLES 


TIME (h) 



Figure 2. Double plotted wheel-running activity records of pups 
exposed to PA cycles with dilTerent lime ratios, a, 6:l8h and, 
18:6 h (the presence of mother is indicated by a bar). These cycles 
failed to entrain the activity rhythm. 

Table 3. Mean period (t) during and after PA cycles with different 
PA time ratios. 


Days 


6:18h 


18:6h 

n 

t±SD 

n 

r± SD 

16 20 

4 

24.29 ±0.26 

4 

23.55 ±0.07 

21 30 

4 

23.95 ±0.07 

3 

23.38 ±0.87 

31 40 

4 

23.97 ±0,07 

3 

23.18 ±0.40 

41 50 

3 

23.90 ±0.09 

3 

23.04 ±0.19 

51 60 

3 

23,91 ±0.50 

3 

23.06 ±0.26 

61 70 

2 

23.87 

2 

23.04 


effectively entrain the rhythm of pups. In the case of LD 
cycles a few hours, minutes or even seconds of 
appropriate light intensities would be enough to entrain 
the activity rhythm of several circadian systems. On the 
contrary darkness must last at least 2h or more^’^'^”^^. 

In nature the mother mouse stays inside the burrow 
during light hours and forages during night. It is not 
known, how long the mother really interacts or is in 
physical contact with the pups within the natural 24 h 
cycle. In Madurai (9^ 58' N, 78° 10' E) the day and night 
are equitable half-cycles, each half lasting roughly 12 h 
throughout the year. It may be inferred from the 
present results that at least 8 h of presence (PA 8:16) or 
8 h of absence (PA 16:8) of the mother in a 24 h cycle 
might be needed for the altricial pups to maintain the 
phase relationship of the prenatally set clock/rhythm to 
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that of the environment. It was already reported in rats 
and squirrel monkeys that the mother acts as a 
transducer and co-ordinates the timing (phase) of the 
faetal biological clock to her own clock time, which in 
turn is entrained by ambient lighting^^"^*^. While PA 
cycles of the mother mouse entrain the activity rhythm 
of the pups, the mechanism by which it does so remains 
to be determined. 

Interestingly the PA cycles of 6:l8h (too little 
presence) and 18:6 h (too much presence) failed to 
entrain the activity rhythm of pups (Figure 2). However, 
their rhythms do persist but freerun as in constant 
condition. It is suggested that in these cycles the 
potency of the zeitgeber is reduced, which resulted in 
the freerunning pattern of activity rhythms. The changes 
of T with age as observed in these cases (Table 3) were 
similar to that of the earlier findings^The period 
length of the activity rhythm of mice and hamsters 
shortens with age^®’^^. Davis and Menaker^^ reported 
the opposite effect —x lengthening with age for Mus 
musculus. The subject of changes of r with age clearly 
calls for more research. 
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Nature of UV resistance in the cyanobacterium 
Nostoc linckia 

Dhruv Kumar and H. D. Kumar 

Department of Botany, Banaras Hindu University, Varanasi 221 005, India 


After several exposures of Nostoc linckia to ultraviolet 
radiation, an UV-resistant strain H^as isolated. When this 
strain was subcultured for 5 to 6 generations in medium 
supplemented with 1 //g ml“ ^ of acridine orange and then 
exposed to UV irradiation, the resistant character was 
lost and it behaved like a wild strain. Agarose gel electro¬ 
phoretic analysis of crude lysate DNA revealed the 
presence of three classes of covalently closed circular 
DNA bands in the UV-resistant strain, but their absence 
in the strain which had been cultured in acridine orange. 
This finding suggests the involvement of extra chromo¬ 
somal genetic elements in UV resistance in N linckia. 


Radiosensitivity responses of micro-organisms are 
known to vary according to pre- and post-environ¬ 
mental conditions. The use of ultraviolet radiation to 
induce or isolate mutant forms of animals, plants and 
micro-organisms has been reported by several 
workers^Some of the chemicals that modify UV 
survival include the acridines and other related dyes 
and caffeine. Kumar"*" studied the effects of proflavine 
on Anacystis nidulans. Metallic ions are also known to 
modify the UV sensitivity in A. nidulans^. More 
recently, the effect of ultraviolet-B (28(>--320 nm) irradi¬ 
ation on physiological activities of several species of 
cyanobacteria has been studied^’Nothing is known 
about the nature of UV resistance in cyanobacteria; it 
may be under the control of chromosomal genes, 
cytoplasmic elements, or plasmids. Acridine orange 
eliminates plasmids from prokaryotic cells®. Plasmid- 
borne genetic determinants are thus identified by 
comparing the phenotypes of ‘cured’ derivatives with 
those of their plasmid-containing parents. Acridine 
orange pre-treatment would, therefore, be expected to 
be of some help in testing these alternative hypotheses. 
Any information on this aspect will be of obvious utility 
in the case of economically and agriculturally important 
microbes such as nitrogen-fixing cyanobacteria, because 
this aspect does not seem to have been studied 
previously in nitrogen-fixing cyanobacteria. 

Methods 

The organism used was Nostoc linckia (Roth) Born, et 
Flah,, a filamentous, heterocystous and nitrogen-fixing 
cyanobacterium. Cultures were grown axenically in 
Allen and Arnon’s^ medium, with no combined 
nitrogen and adjusted to pH 7.5 after autoclaving. 
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Cultures were grown in air at 26 ± 2°C and illuminated 
with four cool-white fluorescent lamps at an average 
intensity of 250 //E m“^ s~\ They were shaken by hand 
thrice daily. Growth of the parent and resistant strains 
was followed by measuring their absorbance at 660 nm 
in a Bausch and Lomb Spectronic-20 colorimeter. 
Heterocyst frequency was determined by counting the 
number of heterocysts as a function of filament length. 
Each time about 1000-1100 cells were counted. 

For acetylene-reducing activity, a suspension of 2 ml 
of whole filaments was incubated in a 7-ml serum 
stoppered tube containing 10% C 2 H 2 and placed in a 
shaker bath. The bath was illuminated from the bottom 
by six cool-white fluorescent lamps at an average 
intensity of 300m"*^ s"^ The ethylene formed was 
measured by injecting 0.2 ml of the gas phase into a 
CIC (Chromatography and Inst. Co, Baroda) gas 
chromatograph equipped with Porapak R column at 
50°C with nitrogen as the carrier gas. 

The source of UV radiation was a germicidal lamp 
(American Ultraviolet Co, USA) emitting its main 
output at 2537 A with radiation dose of about 
85ergsmm"^ s“^ at a distance of 22.5 cm. For the 
isolation of the resistant strain, exponentially grown 
culture of N. linckia was centrifuged, washed thrice with 
the same medium and homogenized with Pyrex glass 
beads. Five ml of the suspension was placed in a petri 
dish and stirred with a sterilized magnetic stirring bar. 
The inoculum {10 fA) containing 4x10^ colony-forming 
units per plate was seeded on agar plates containing 
Allen and Arnon’s medium without combined nitrogen 
sources. The dose of UV irradiation was varied by 
varying the time of exposure. After irradiation, cultures 
were kept in the dark for 24 h to avoid photoreactiva¬ 
tion and then incubated in the light. Colonies were 
scored. Resistant colonies were subcultured individually 
in test tubes. Finally, a strain, resistant for 10 min UV 
exposure, was isolated after repeated testing for its 
resistant character. 

The DNAs of the resistant (NI^q) strain and that 
pretreated and subcultured with acridine orange for 
about six generations were prepared as described 
earlier^®. Standard techniques were used for preparation 
of DNA and gel electrophoresis^ ^ 

Electrophoresis was performed in a horizontal slab 
chamber containing 0.8% agarose (Sigma type II) slab 
gel in tris-borate buffer (90 mM) at pH 8.0. After adding 
1/9 volume of a dye solution containing 50% glycerol, 
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Table 1. Comparison of growth, heterocyst frequency, acetylene-reducing activity and UV survival of wild type and UV-resistant (Nljo) 
strains of Nostoc linckia. Growth and other conditions were the same as described in the text. Heterocyst frequency was calculated after 72 h 
of transfer from nitrate-supplemented to nitrogen-fixing conditions. Lethal dose of UV radiation for wild type was 2.0 min. 


Organism 


UV survival (10 min UV exposure) 

Acetylene-reducing activity Growth-- 

Heterocyst (nmol C 2 H 2 formed mg'‘ (generation Pretreatment with acridine 

frequency (%) dry weight h~‘) time, h) No treatment orange (1 /igml"^) 


Nostoc linckia 5.6 40 48 Lethal Lethal 

Nostoc linckia 5.6 36 54 20 x 10^ colonies 500 colonies 

(Nljo, resistant for 10 min (100%) (2.5%) 

UV exposure strain) 


1% sodium dodecyl sulphate and 0.2% bromophenol 
blue, the samples {20 jA well"^) were loaded on to the 
gel Electrophoresis was carried out for 150 min at 
120 V and 40 mA. The gels were stained in ethidium 
bromide (5/tgml“^) for 30 min and then seen under 
long wavelength UV illumination. Photographs of the 
gel bands were taken using 2B clear and 23 A orange 
filter. Lambda DNA digested with HindlU was used as 
reference for estimating the molecular weight of the 
unknown plasmid DNAs. 

Acridine orange, ethylene diamine tetraacetic acid, 
disodium salt (Na 2 EDTA), ethidium bromide, bromo¬ 
phenol blue, and sodium dodecyl sulphate (SDS) were 
obtained from Sigma Chemical Co, USA. All other 
biochemicals were of Analar grade of British Drug 
Houses (Glaxo), India. The gases used were from Indian 
Oxygen Ltd, Bombay. 

Results 

Table 1 presents the data of growth, heterocyst 
frequency, acetylene reduction and UV survival of wild 
type and the resistant strain (designated as NIjq). The 
resistant strain grew slowly, had similar heterocyst 
frequency but lower acetylene-reducing activity. The 
observed effect may be attributed to the partial damage 
to photosynthetic apparatus of the resistant strain^. 

The lethal UV dose for parent strain was two min. 
Acridine orange (I ^g ml“ was not inhibitory to either 
strain. Therefore, this concentration was used for pre¬ 
treatment experiments. For the curing experiment, 
exponential cultures of UV-resistant strain were subcul¬ 
tured six times in nitrogen-free medium supplemented 
with 1 /igml"^ of acridine orange. Then, the homogenized 
suspension was centrifuged, washed and exposed to UV 
irradiation for 10 min and finally 10/d of suspension 
(4x10^ colony-forming units per plate) was plated. 
After 15 days, colonies were scored for per cent curing 
of UV resistance. It is clear from the curing experiment 
(Table 1) that the resistant character was lost after 
acridine orange pretreatment of the resistant strain. 

Figure 1 shows the electrophoretogram of treated 
(with 1 jugml"^ of acridine orange) and pre-treated 
strains (Figure 1, lanes 2 and 3) respectively. Lane 1 
represents HindUl digested A-DNA fragments and 


M. dal. 


;.r v 


23-67 

9-46 

6-66 

4-26 


2-30 

1-96 






0-59 






Figure 1. Agarose gel electrophoretic separation of crude lysate 
DNA from treated (lane 2) and pre-treated (lane 3) strains of Nostoc 
linckia. Lambda HindUl DNA digest used as reference standard P, 
lane 1. 


shows seven bands corresponding to linear fragments of 
different molecular weight classes. The seventh band 
was seen under UV illumination and it was very faint 
and 0.8 cm downward of the third plasmid band of pre¬ 
treated resistant (Nl^o) strain. This Nlio strain shows 
three plasmid bands. With reference to the A-DNA 
fragments, all the three plasmid bands were found to lie 
between 1.96 ahd 0.59 Md. This is only a rough 
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approximation, and exact determination will require 
further analysis. Interestingly, when treated with 
acridine orange, the Nlio strain lost all the three 
covalently closed circular DNA bands. Acridine orange- 
mediated curing of plasmids is evident from the loss of 
plasmid bands of treated strain (Figure 1, lane 2) but 
the loss of UV resistance character raises the question 
whether this trait is plasmid-borne. Although extant 
information on cyanobacterial plasmids indicates that 
they are cryptic, the change observed by us seems to 
indicate that plasmids may possibly have a role to play 
in UV resistance in N. linckia. 

Acridines have been employed to cure or disinfect 
bacterial cells carrying sex factor or other episomes in 
an autonomous state in the cytoplasm and also to 
distinguish between their autonomous state, in which 
they are susceptible to curing by acridines, and the 
integrated state, in which they are not affected by 
acridines^The loss of UV resistance seems to be due 
to loss of a particular class of plasmid, harbouring 
genes for UV resistance. 
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Magnetic properties in granulites of 
South India: implications for crustal 
magnetization 

C. Ramachandran 

Geological Survey of India, 323-C. M. H. Road, Indiranagar, 
Bangalore 560 038, India 

The magnetic properties of 220 metamorphic rocks from 
South Indian granulite terrain, and representing the now 
exposed deeper levels of the Archaean crust show that 
multidomain magnetite is the dominant magnetic phase 
responsible for regional magnetic anomalies from deep 
crustal sources. The low Koegnisberger ratios «?), with a 
mean value of 0.37 in rocks with higher order suscepti¬ 
bilities, indicate that the contribution of natural remanent 
magnetization for regional magnetic anomalies is not 
very significant. The total magnetization (induced 
-fremanence) obtained in the most magnetic rocks 
varied between 1800 and 4130 x 10“^ emu/cc, suggesting 
an initial estimate of 3000x10“^ emu/cc for the total 
magnetization of the deeper crustal levels of South Indian 
granulite terrain. 

The most straightforward method to infer about deep 
crustal magnetization is to study the magnetic proper¬ 
ties of the now exposed deeper crustal sections. Some of 
the recent investigations on the crustal evolution of 
South Indian granulite terrain^ suggest that it can be 
considered to represent the exposed deeper levels of the 
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Archaean crust. P/T studies indicate burial depths of 
25-30 km at the time of granulite facies metamorphism 
for the northern parts of Noyil-Cauvery shear zone^’^. 
The medium to low pressure granulites south of Noyil- 
Cauvery shear zone represent higher crustal levels 
characterized by significantly higher geothermal gra¬ 
dients demonstrating large scale variations of P/T 
conditions®. The magnetic properties for 220 rocks of 
deeper crustal origin obtained in the present study 
would be very important in the interpretation of 
regional magnetic anomalies. A regional aeromagnetic 
anomaly map of South India between 12°N and 8°N 
latitudes was prepared by Reddy et al^ as part of the 
National Aeromagnetic Survey. 

The sample locations and the generalized geology of 
South Indian granulite terrain are given in Figure 1. 
The samples comprise mostly of charnockites, gneisses, 
khondalites and amphibolites. From each sample, one 
core of 2.6 cm diameter and 2.1 cm length is cut for low 
field susceptibility and natural remanent magnetization 
(NRM) measurements, and one core of 2.6 diameter 
and 0.5 thickness was cut for highfield hysteresis and 
saturation magnetization studies. The initial suscepti¬ 
bility was measured in a field of 1 Oe at room 
temperature, at liquid nitrogen temperature (-“196°C) 
and at about -'150°C, and the saturation magnetization 
and hysteresis loops were studied at room temperature 
in a peak field of 3000 Oe using the equipment 
described earlierThe NRM was measured using a 
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Molespin slow speed spinner magnetometer. 

The results of the magnetic properties measured in 
220 metamorphic rocks are summarized in Table 1. The 
rocks are divided into two groups based on distinct 
magnetic properties and petrography. 

Figure 2 shows the susceptibility variations at room 
and low temperatures for group I and group II rocks. 
Figure 3 shows the hysteresis loops at room temperature 
in some typical group II samples with high susceptibili¬ 
ties. The susceptibility peak at -“150°C; low Jrs/Js 
values (< 0.05), low coercive force (He < 50 Oe) and low 
Koegnisberger ratio (mean 6 ==0.5) and petrography 
show that multidomain magnetite is the dominant 
magnetic phase in group II rocks with medium to high 
susceptibilities. Though Haggerty'^ and Haggerty and 
Toft^^ considered a source mineral other than magnetite 


to account for origins of deep crustal magnetic 
anomalies, the observed multidomain magnetite phase 
in rocks with high susceptibilities show that multi- 
domain magnetite could only be the dominant 
magnetic phase in the deeper crustal levels of the granu- 
lite terrain. Similar results are obtained in other study 
areas by Schlinger^'^ and Shive and Fountain 
For the interpretation of long wavelength anomalies 
from deep crustal sources, reasonable estimates of lower 
crustal magnetization should range from 3000 to 6000 
xlQ-^emu/cc and among the few investigations 
reported to date on the magnetic properties of exposed 
lower crustal sections^^'^^, only Schlinger^"^ obtained 
such high magnetizations. Williams et considered a 
strong viscous remanent magnetization (VRM) directed 
parallel to the present field as a possible source to 
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Table 1. Magnetic properties of 220 metamorphic rocks from South Indian granulite terrain. 
Physical property Group I Group II 


Rock type 

Number of samples 

Magnetic mineralogy 
(30 samples) 

Metamorphic conditions 


Initial susceptibility in field of 
1 Oe (k) 

Susceptibility variations at low 
temperatures in a field of 1 Oe 


High field (3000 Oe) characteristics 
at room temperature 

Domain state 


Natural remanent magnetization 
(Jn) 

Koegnisberger ratio 
(Q=Jn//c//) 


Mostly charnockites, gneisses, khondalites and 
amphibolites 

99 

Predominantly among ilmenite or haematite with 
minor sulphides 

Many of the rocks suffered retrograde metamor¬ 
phism during which magnetite is consumed 


Low. Varied between 6 and 200 x 10 ^ emu/cc Oe 

The susceptibility monotonously increased from 
room temperature down to liquid nitrogen tempe¬ 
rature, 

k(-196)//c(25) varied from 1.6 to 4.0 in most of 
the samples 

Thin hysteresis loops with low saturation magne¬ 
tization (Js) values generally varying between 0.06 
and 0.6 emu/cc 

Susceptibility increase at low temperatures could 
be due to the formation of very fine particles 
during alteration, which exhibit superpara¬ 
magnetism even at or below liquid nitrogen 
temperatures. In such case, the presence of SD 
and multidomain states cannot be inferred 
Low Jn values, generally varying between 3 and 
200 X 10"® emu/cc 

High. Generally varied between 1 and 30. NRM 
could be a significant contributor to net magneti¬ 
zation depending on stability and consistency in 
directions. 


Mostly charnockites and gneisses 
124 

Predominantly magnetite with varying propor¬ 
tions of ilmenite and minor sulphides 

Different degrees of prograde metamorphism to 
granulite facies. Some rocks could have suffered 
retrograde metamorphism resulting in partial loss 
of magnetite 

Medium to high. Varied between 200 and 
4420 X 10"*^ emu/cc Oe 

The susceptibility decreased at - 196°C and then 
showed a peak at — 150‘"C, which is the isotropic 
point of magnetite. k(—196)//c(25) generally varied 
between 0.2 and 0.6, while /c(-150)//c(25) varied 
from 1.1 to 1.35 

Thin hysteresis loops with high saturation magne¬ 
tization values, generally varying between 1 and 
16 emu/cc 

The susceptibility peak at -“150°C, thin hysteresis 
loops with low coercive force and Jrs/Js ratio 
(<0.05), low Q ratios (mean 0.5), and petrography 
indicate that multidomain magnetite is the 
dominant magnetic phase 

High Jn values, generally varying between 100 
and 2000 x 10’^ emu/cc 

Low. Generally varied between 0.2 and 1.0 with 
an average of 0.5 if a few extreme values in 6 
samples, which could be due to thunderbolt 
effects, are disregarded. NRM is not a major 
contributor to net magnetization. 



Figure 2. Schematic representation of susceptibility variations at 
room and low temperatures for group I and group II rocks. k/k(25) is 
the normalized susceptibility. 


account for the high total magnetizations. In the 
present study, the low mean Q ratio of 0.37 in rocks 
with susceptibilities above 1000 x 10"^ emu/cc Oe 
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shows that whether the observed initial NRM is stable 
TRM, CRM or VRM, it would not be a major 
contributor for regional magnetic anomalies from deep 
crustal sources. 

Retrograde metamorphism is widespread in the 
granulite terrain and many of the samples of the present 
study are effected by retrograde metamorphism resulting 
in partial to complete loss of magnetite and thereby 
exhibited reduced susceptibilities^^. Hence the rocks 
with low to intermediate susceptibilities would not 
throw any light on the magnetization of the deeper 
crustal levels. Because of the later retrogression no clear 
relation is evident between the depth of formation, 
indicated from limited palaeopressure data, and the 
magnetic susceptibilities. The high pressure granulites 
from the northern foothills of Nilgiris, which represent 
the deepest section, exhibited only intermediate suscep¬ 
tibilities which could be due to the partial replacement 
of Fe-Ti oxides by garnet during late stage cooling 
from granulite facies at high pressures 

In most of the rocks, the induced magnetization (Ji) 
in a field of 0.5 Oe would be less than 1200 x 10"^ emu/cc. 
The induced magnetization of the most magnetic 
metamorphic rocks of the present study varied between 
1500 and 2210 x 10“^ emu/cc. The total magnetization 
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Figure 3. Hysteresis loops for some typical group 11 rocks with high susceptibilities. Hysteresis loops are studied in a peak field of 
3000 Oe and at room temperature. 


(induced + remanence) in these rocks would vary 
between 1800 and 4130 x emu/cc. At temperatures 
of 300~600''C, an increase in total magnetization can be 
visualized from the findings of Pulliah et Although 
the samples were collected from a total traverse length 
of about 2500 km, it is possible that other crustal 
sections of the granulite terrain may contain significant 
volumes of rocks with high total magnetizations. 
However, from the high total magnetizations in a few 
samples, an initial estimate of 3000 x 10 emu/cc can 
be made for the total magnetization of the deeper 
crustal levels in the granulite terrain. 
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Multifaceted manifestations of potassic 
magmatism across the Cuddapah basin 
in Andhra Pradesh 

V. Madhayan 

Department of Geology, Osmania University, Hyderabad 500 007, 
India 

Intrusiyes such as shonkinite, mica lamprophyre, 
lamproite and kimberlite, yvhich belong to a rare 
category of either mildly potassic or ultrapotassic rocks, 
are found emplaced in a widely spaced row across the 
Cuddapah basin in the peninsular shield of India. The 
Kimberlites occur as pipes to the west of Cuddapah 
basin, at Wajrakarur-Lattavaram, whereas the 1am- 
proite-minette group is found as dykes at Chelima within 
the Cuddapah basin; the shoshonitic alkaline rocks, 
namely, shonkinite and mica lamprophyre-microshon- 
kinite dykes are prominently represented as autoliths and 
late-stage intrusives respectively in the miaskitic alkaline 
pluton located at Elchuru, on the northeastern side of 
Cuddapah basin. Collectively all these intrusives are 
symbolic of potassic magmatism, the periodic and multi¬ 
faceted manifestations of which were not hitherto 
brought into full focus. The estimated ages of these 
potassic rocks indicate that they were intruded in 
chronological sequence with corresponding shift in the 
direction of magmatic activity from NE to SW. 

In the peninsular shield of India, the intracratonic 
Cuddapah basin and more specifically its adjoining 
Archaean basement, represented by the Dharwar 
Craton, have assumed the distinction of being one of 
the unique centres of igneous activity, where intrusives 
as diverse in composition, mineralogy and texture as 
granites, gabbro-anorthosite, pyroxenite, picrite, dole- 
rite, feldspathoidal and non-feldspathoidal syenites, 
shoshonitic alkaline rocks, lamprophyres, kimberlite 
and carbonatite are found distributed at different 
places^ in various forms and dimensions, constituting a 
petrological treasure-house. Many of these intrusives 
have pierced the Precambrian basement abutting the 
eastern margin of Cuddapah basin, where an alkaline 
province has recently been carved out^. With the 
occurrence of a spectacular variety of intrusives, mostly 
formed as an outcome of acid-basic and alkaline 
igneous activities^, the eastern corridor of Cuddapah 
basin has of late come into much focus. One of the 
problems, which has remained unnoticed in the 
immediate vicinity of Cuddapah basin, pertains to a 
group of potassic rocks like, shoshonitic alkaline rock 
(shonkinite)^ shoshonitic lamprophyre (minette)^ 1am- 
proite^’®, and kimberlite'^*®, that occur in a widely 
spaced row, across the Cuddapah basin. These exciting 
rocks were studied by several workers^ who however 
failed to recognize the recurrent phenomenon of 
potassic magmatism across the Cuddapah basin and to 
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correlate these magmatic episodes with the established 
tectonic framework. The periodic manifestations of 
potassic magmatism in this region could be envisaged 
only after the recent recognition of shoshonitic alkaline 
magmatism at Elchuru"’’, located on the northeastern 
side of Cuddapah basin. 

The kimberlites, in association with lamproites, occur 
as pipes (numbering eight) near Wajrakarur and 
Lattavaram, adjoining the western margin of Cuddapah 
basin, whereas the lamproites and lamprophyres 
(minette) are found as dykes at Chelima, within the 
Cuddapah basjn; the shoshonitic alkaline rocks and 
minette (biotite lamprophyre) dykes occur in the 
miaskitic nepheline syenite pluton exposed at Elchuru, 
towards the northeastern side of the crescent-shaped 
basin (Figure 1). All these distinct but rare petrological 
units are distributed linearly in a NE-SW direction, 
parallel to the Veldurti-Guntur (VG) lateral ramp^°. 
The kimberlites of Wajrakarur-Lattavaram and the 
lamproites of Chelima occur along a NE-SW trending 
upwarp, across the Cuddapah basin, which ‘perhaps 
follows the line of deep structure’^* The lineament, 
when extended in the NE direction, intersects the 
basement fracture zone (which runs parallel to the 
eastern margin of Cuddapah basin) near Elchuru where 
the focus of shoshonitic alkaline magmatism is centered. 
The (linear) alignment with which these rare intrusives 
are distributed, would suggest that their magmas must 
have been emplaced along a tectonically active zone 
having access to the mantle. This long and narrow zone, 
passing through Wajrakarur-Lattavaram-Chelima and 
Elchuru, falls close to the NE-SW trending lineament 
zone, extending from Guntakal to Guntur^If this and 
other similar lineament zones present in the Cuddapah 
basin region are taken as the surface manifestations of 
deep-seated (basement) faults, then it becomes clear that 
all the potassic intrusives found across the Cuddapah 
basin are emplaced along one such fault. 

The estimated ages of these potassic rocks indicate 
that they were intruded in a chronological sequence 
with a corresponding shift in the direction of magmatic 
activity from NE to SW. The Elchuru alkaline-pluton 
which is constituted by an array of rocks like 
shonkinite, miaskitic nepheline syenite and the late 
stage intrusives such as minette and 4«rtiicroshonkinite, 
was emplaced around 1242 ±33 Ma^^ and it marks the 
beginning of potassic magmatism on the northeastern 
side of Cuddapah basin from where the activity shifted 
to the middle of the basin and then crossed over to its 
western side. The intrusive episode at Elchuru was 
succeeded by the invasion of lamproite-minette dyke 
swarm at Chelima which intruded the Cuddapah 
sediments around 1225 Ma^^ (Chelima falls within the 
Cuddapah basin and is midway between Elchuru and 
Wajrakarur-Lattavaram). This clearly indicates at least 
some deep crustal fracturing during basining events 
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Figure 1. Generalized geological-tectonic map of the Cuddapah basin and its adjoining parts depicting the kinematics of the 
Cuddapah Salient Two major zones of convergent lineaments have been delineated, they are: 1) the northeast trending Veldurti- 

Guntur (V.G) lateral ramp, and 2) the northwest trending Cuddapah-Nellore (Cu-N) transverse tear fault. liSe kimberlite pipes 

(solid vSquares), lamproite dykes (solid triangle) and shoshonitic alkaline rocks (solid circle) found respectively at Wajrakarur- 
Lattavaram (W L), Chelima (C) and Elchuru (E) follow and fall within the northeast trending lineament zone represented by a 
corridor of an echelon and parallel lineaments extending from Guntakal to Guntur (Gu-G) and another similar trending set from 
Ananthapur to Ongole (A, O), 

1, Archaean (peninsular) gneisses/granites. 2, Charnockites. 3, Khondalites. 4, Oharwars. 5, Cuddapah group. 6, Kurnool group. 
7, Alluvium. 8, Major thrusts and other faults. 


The kimberlite lamproite pipes of Wajrakarur-Latta- 
varam have been emplaced much later towards the 
western side of the basin and this magmatic episode 
obviously lasted for a longer period as can be seen from 
the wide variation in their ages^^ (from 1023±40 to 
840±33Ma). Broadly, the intrusives at Elchuru and 
Chelima mark one period of igneous activity which is 
separated by another distinct period of protracted 
activity found near Wajrakarur-Lattavaram. Thus, the 
300 km long stretch connecting the intrusives of 
Wajrakarur-Lattavaram-Chelima and Elchuru sym¬ 
bolises a rare centre of igneous activity where potassic 
magmatism manifested in different forms and types, 
lasting for more than 400 Ma. The kimberlite and 
lamproite of this region are considered as potential 
sources of diamond and when viewed in this context, 
the entire stretch from Elchuru to Wajrakarur- 
Lattavaram assumes considerable significance warranting 
renewed investigations with an altogether different 
approach. 
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Morphology and dielectric properties of 
fish scales 


K. B. R. Varma 

Materials Research Centre, Indian Institute of Science, 

Bangalore 560 012, India 

ScanBiiig electron microscopy of scales of the fish Catla 
CMtM show a surface architecture made up of three distinct 
regions. The scales have high dielectric constants and 
exhibit pyroelectricity and dielectric hysteresis. 

A large variety of fishes display beautiful silvery sides. 
Fish scales generally consist of layers of collagen and 
organic and bony materials^ (Figure 1). The nature of 
the reflectors in fish scales has been a subject of 
considerable interest for some time. The reflecting 
properties are associated with the presence of arrays of 
crystals of guanine and hypoxanthine, which act like 
tiny mirrors arranged in special stacks. In view of the 
presence of layered organic and inorganic matter in fish 
scales, we examined some features of the scales, especially 
their dielectric properties. 

Fish scales of the cycloid type, obtained from Catla 
catla (family Cytrinidae) were washed with distilled 
water and dried at 300 K for 15 days. Scanning electron 
micrographs were taken using a Cambridge Stereoscan- 
150 scanning electron microscope. The scales were also 
examined under polarized light in a Leitz Wetzler 
Orthoplan-Pol polarizing microscope. Thermogravi- 
metric analysis of the scales was carried out using an 
Ulvac Sinku-Riko thermal analyser-1500. Silver paste 
electrodes were employed on either side of the scale to 
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Figure 1. Schematic of fish scale in cross-section. 


measure dielectric, pyroelectric and ferroelectric pro¬ 
perties. The capacitance of the scale was measured as a 
function of frequency (1-100 kHz), with a signal 
strength of 0.5 V rms at 300 K, using a Hewlett- 
Packard multifrequency LCR meter, model 4274 A. The 
pyroelectric current was measured by employing a 
direct method due to Byer and Roundy. Ferroelectric 
hysteresis loop studies were carried out at 50 Hz using 
a Sawyer-Tower circuit. 

X-ray powder diffraction patterns of dry scale 
showed that it is amorphous (Figure 2). On heating the 
scale, there was considerable weight loss due to the loss 
of water around 400 K, and again around 600 K due to 
the loss of guanine and other organic matter, as seen 
from the thermogravimetric curve (Figure 3). There is a 
further weight loss around 900 K, eventually giving rise 
to the inorganic residue consisting of hydroxyapatite, as 
confirmed by X-ray diffraction (Figure 2) and infrared 



figure 2. X-ray powder diffraction patterns of fish scale (a) dried at 
300 K, (*) heated to 900 K. 



Figure 3. Thermogravimetric curve of scale dried at 300 K. 
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spectroscopy. Scanning electron micrographs of the 
scale showed the existence of three distinct regions (A, 
B and C in Figure 4a); region B is shown blown up in 
Figure 4h. Domain-like regions were also seen in region 
B (Figure 5) in a polarizing microscope with the 
polarizer and analyser crossed. 

The dielectric constant and the loss tangent of the 
dried scale are plotted as functions of frequency 
(! 100 kHz) at 300 K in Figure 6. Both quantities 
decrease with increase in frequency. The dielectric 
constants at 1 kHz and 100 kHz are quite high, 49 and 
23 respectively; the dielectric constant at 1 MHz is 19. 
What is interesting is that the scale is pyroelectric at 
300 K. Quantification of the pyroelectric coefficient is, 
however, difficult owing to the occurrence of decom¬ 
position above 300 K. To our surprise, we found that the 
scale exhibits a well-defined dielectric hysteresis loop at 
300 K (Figure 7) with a saturation polarization of 
4.1 X 10"'’^ Ccm”^ and a coercive field of 6000 Vcm~\ 
The loop persists till 360 K. The hysteresis loop is 



Figure 4. Scanning electron micrographs of (a) scale dried at 300 K, (b) 
the central region B. 
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Figure 5. Region B of scale viewed under a polarizing microscope. 



Figure 6. Frequency response of dielectric constant (#) and loss 
tangent (O) of scale at 300 K. 



Figure 7. Dielectric hysteresis loop of the fish scale at 300 K. 


reminiscent of ferroelectric materials. The disappearance 
of the loop around 360 K is likely to be associated with 
the loss of water, which is a major constituent of the 
scale (30-40%). Clearly, water plays a role in the polar 
structure of the scale. The dielectric hysteresis of the 
scale could have its origin in collagen, which is known 
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to be polar^. Hair, biological tissues and such materials 
containing oriented collagen molecules are known to be 
piezoelectric as well as pyroelectric^’'*'. The hysteresis 
loops found with fish scales could arise from the piezo¬ 
pyroelectric effects, since ferroelectric materials should 
necessarily be pyroelectric. 

It is not clear whether the hysteresis loop exhibited 
by fish scales can be used to any advantage. However, 
the high dielectric constants of these scales at low 
frequencies (around 1 kHz) suggest that they could, in 
principle, be used for capacitor applications. Although 
the fish scale itself is not thermally stable, the hydroxy¬ 
apatite left after removal of organic matter could be 
useful as a linear-capacitor material. 
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Occurrence of vesicular-arbuscular 
mycorrhiza in Casuarina equisetifoJia L. 

O. P. Sidhu, H. M. Behlt, M. L. Gupta* and 
K. K. Janardhanan^ 

National Botanical Research Institute, Lucknow 226 001, India 
*Central Institute of Medicinal and Aromatic Plants, 

Lucknow 226 001, India 

Casuarim equisetifolia is a fast growing and promising 
fuelwood tree. Vesicular-arbuscular mycorrhizal (VAM) 
fungi improve seedling growth by facilitating nutrient 
uptake. Two VAM fungi were found to colonize the roots 
of C equisetifolia. These were identified as Glomus 
fasiculatum and Scuteliospora calospora. Application of 
VAM fungi can be successfully used for plantation of this 
species especially in degraded soils. 

Selection and cultivation of fuelwood tree or shrub 
soecies suitable for waste, marginal or degraded lands are 
Apart from the traditional fuelwood 
inderutilized taxa are being investi- 
s for growing in low fertility soils. 
Aa, Casuarina is gradually gaining 
fast growing and promising fuelw'ood 


tree particularly in coastal India. Casuarina equisetifolia 
L, introduced in the sixties of the last century, has been 
the most successful species of Casuarina because of its 
hardiness in degraded soils. Presence of N fixing 
symbiont Frankia, association of VAM fungi and their 
interaction with Frankia^ has prompted scientists to 
investigate the species for wasteland utilization. 

When available phosphorus levels in the soils are 
low, VAM stimulate significant increase in P uptake 
resulting in a dramatic increase in plant growth^* It 
would facilitate fast growth and high biomass which are 
the desired traits in fuelwood plantations. Survey of the 
literature revealed that no systematic work has been 
undertaken on VAM association in Casuarina except 
for a report on occurrence of Glomus mosseae in 
C. equisetifoliaK 

Casuarina germplasm are being investigated under 
species x site trials for their potential as fuelwood trees 
for salt-affected sodic alkaline soils at Biomass Research 
Centre of National Botanical Research Institute, 
Lucknow. The present communication on the association 
of vesicular-arbuscular mycorrhizal (VAM) fungi with 
Casuarina equisetifolia is a part of the biomass studies 
on the role of VAM fungi in fuelwood tree establishment 
in alkaline soils. 

Root samples along with surrounding soil were 
collected from one year old plants of C. equisetifolia 
growing in the research centre. Terminal feeder roots 
attached to lower order roots were collected, washed 
carefully and cleared with 10% KOH. The roots were 
then washed with 5N HCl, stained with tryphan blue, 
mounted in lactophenol following the method described 
by Phillip and Hayman'*' and examined under light 
microscope. The spores of VAM fungi were isolated 
from the soil surrounding the roots by wet sieving and 
decanting method of Gerdemann and Nicolson*'’. 
Identification of VAM fungi was made following the 
keys suggested by Trappe^ and Schenck and Perez^. 

Two VAM fungi were found to colonize the roots of 
C. equisetifolia (Figure la). These fungi were identified 
as Glomus fasiculatum (Thax. sensu Gerd.) Gerd. and 
Trappe and Scuteliospora calospora (Nicol. and Gerd.) 
Walker and Sand. Chlamydospores (Figure Ih) were 
subglobose to obovate or ellipsoidal or cylindrical, 
hyaline to light yellow to yellow, (41.2)-82.4-(123.6)/im, 
occulate opening in the subtending hyphae, one to two 
walled. The VAM fungus was identified as Glomus 
fasiculatum'^. Chlamydospores were mostly globose, 
spherical, occasionally broader than long, hyaline to 
pale greenish yellow (l44.2)-272.9-(401.7) ^m, 3 to 4 
walled, outer thick and smooth, attached to hyaline to 
yellow bulbous suspensor, 20.6-(41.0)-61.5 jam. Septa 
formed below the suspensor tip (Figure Ic). Germination 
shield often oval and present along the margin. The 
fungus was identified as Scuteliospora calospora'^. 

The present study indicates the association of two 
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Figure I. a. Cleared and stained root showing vesicles and hyphal network of endomycorrhizae. Scale bar, 50 {.im. b, Chlamydo- 
spore of Glomus fasiculatum; outer wall is thicker than the inner. Note occulate opening at the attachment. Scale bar, 30 ^m. c. 
Crushed azygospore of Scutellospora calospora showing wall layers and suspensor. Note the bulbous cell at the attachment. Scale 
bar, 50 pm. 


VAM fungi, G. fasiculatum and S. calospora with 
C. equisetifolia. Except for a report on occurrence of 
G. mosseae in Casuarina growing in Australia^ there 
has been no study on the association of VAM fungi 
with this taxon. The association of VAM fungi shows 
considerable promise for selection of suitable endo¬ 
mycorrhizae for improving the productivity of Casuarina 
species in alkaline soils. 
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Anatomical observations on roots of 
finger millet colonized by VA 
mycorrhiza 

D. Dyala Doss and D. J. Bagyaraj 

Department of Agricultural Microbiology, University of Agricultural 
Sciences, GKVK, Bangalore 560 065, India 

Anatomical observations on roots of finger millet 
colonized by vesicular-arbuscuiar mycorrhizae revealed, 
for the first time, the presence of the mycorrhizal fungus 
within lignified sclerenchymatous cells. 

The overall improvement in crop plants that can be 
brought about by vesicular-arbuscular (VA) mycorrhizal 
colonization has been well established. Research on 
beneficial aspects of VA mycorrhizae proved better 
uptake of minerals, resistance to water stress and 
synergistic interaction^'^. However, information about 
fine structure and anatomical changes due to VA mycor¬ 
rhizal colonization in host is scanty^. 

Finger millet {Elusine coracana Gertn.) cv. Indaf-5 
was grown on sterilized, phosphorus-deficient (3 mg 
available P/kg) red sandy loam soil. For mycorrhizal 
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inoculation sand: soil mixture containing root segments 
of Panicum maximum colonized by Glomus fasciculatum 
was used and uninoculated plants served as control. 
Plants were harvested on the 60th day. Root systems 
were rinsed with running water, fixed and processed for 
light microscopic observations. Thin sections (7 jam) 
were stained for polysaccharides by periodic acid 
■ Schiffs (PAS) method^. 

The fine structure revealed that the mycorrhizal root 
cells were large, well defined, and filled with arbuscules, 
the site of nutrient exchange (Figure la). During the 
process of digestion, the dichotomously branched 
arbuscules were slowly degraded leading to clump 
formation, which finally disappeared. 

It was observed that the mycorrhizal roots were 
considerably large and the cells were densely PAS 
positive compared to non-mycorrhizal roots indicating 
higher polysaccharide deposition in the cell walls. The 
most interesting observation was the penetration of 
lignified sclerenchymatous exodermal cells by VA 



rse section of the mycorrhizal root showing: 
juscules (A) (x400); and ft, sclerenchymatous 
V) ( X 400). 


mycorrhiza (Figure lb). As far as we are aware, this is 
the first report of such penetration. This suggests that 
mechanical barrier of the lignified sclerenchymatous 
cells does not interfere in the establishment of the 
endophyte, thus upholding the recent observation of 
VA mycorrhiza in the lignified xylem vessels jf ginger^. 
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2. Gerdemann, J. W., Vesicular Arbuscular Mycorrhiza (eds. Torey, J. C. 
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External adsorption of Azospirillum 
Upoferum strain D-2 to plant roots and 
its effect on plant growth 

Babita Saxena, Anjana Desai and V. V. Modi 

Department of Microbiology and Biotechnology Centre, Faculty of 
Science, M. S. University of Baroda, Baroda 390 002, India 

Inoculation of a strain of Azospirillum Upoferum D-2, 
isolated from roots of Digiteria., on barley crop resulted 
in an increase in dry weight and grain yield of the barley 
crop. Levels of total nitrogen in different parts of the 
plant also increased in response to Azospirillum 
inoculation. Another strain of Azospirillum Upoferum M- 
2, isolated from maize, also showed similar response on 
barley crops suggesting non-specificity of strains for the 
host plants. Events leading to the colonization of 
Azospirillum Upoferum D-2 on wheat roots have been 
studied and described using scanning electron microscopy. 

In any given soil-plant environment, a particular type 
of microfloral population gets established by the 
compound(s) excreted by the roots, which serve as 
carbon and energy sources for these microorganisms. 
Soil is an extremely complex environment, making it 
very difficult to introduce and establish large numbers 
of laboratory cultured beneficial organisms. Some of the 
most promising organisms, capable of colonizing roots 
in large numbers and exerting beneficial effects on 
plants, belong to genus Azospirillum^. They colonize 
mainly forage and grain grasses and are readily isolated 
from the rhizosphere^. 

There are few indications for the type of factors 
contributing to plant-bacterium specificity in such 
associations^’"^. Plant growth responses observed after 
inoculation of Azospirillum have been explained by 
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nitrogen fixation^, phytohormone production^ and 
enhanced nutrient uptake^ by these bacteria. Evidences 
are presented in the present study for external 
adsorption of Azospirillum lipofenim to plant roots and 
its effect on plant growth stimulation. 

A. lipoferum strain D-2 was a local isolate obtained 
from the surface-sterilized roots of Digiteria. Growth 
conditions for A. lipoferum D-2 were the same as 
described earlier^. The level of lAA in the culture 
filtrates was estimated by the colorimetric assay of 
Gordon and Weber^. Bacteria (washed suspension in 
phosphate buffer) were directly inoculated on the roots 
of 3-day-old seedlings grown on wet filter paper in petri 
dishes. Twenty four hours after inoculation, roots were 
treated as follows: (i) rinsed gently with sterile distilled 
water, (ii) surface disinfected with 1 % (v/v) NaOCl for 
5 min and washed with water. Root pieces after gluta- 
raldehyde fixation, dehydration and critical point 
drying were stuck to stubs, coated with gold-palladium 
and examined by a Zeol JSM-T300 scanning electron 
microscope at 15 kV voltage. 

Plant experiments in field were conducted at the 
Indian Agriculture Research Institute, New Delhi. 

A, lipoferum D-2 showed high acetylene reduction 
activity under microaerophilic conditions'^. If it is 
assumed that the principal factor responsible for 
increased growth and nitrogen yield of various cereals 
is due to nitrogen-fixing ability of the microorganisms 
interacting with plants, A, lipoferum D-2 could serve as 
a potential inoculant, owing to its nitrogen-fixing 
ability under cultured conditions. Plant inoculation 
experiments were conducted at different levels of 
fertilizer nitrogen. As is evident from Table 1^, inoculation 
with Azospirillum resulted in an increase in dry weight 
and grain yield of barley crop. Similarly, inoculation 
increased the number of ear per pot, number of grain 
per ear and grain weight per ear. Levels of total 
nitrogen (%N) in straw, husk and grains increased in 
response to Azospirillum inoculation. Yields obtained at 


the inoculated intermediate levels of N fertilization were 
higher than in fully fertilized uninoculated plants. 
Another strain of A. lipoferum isolated from maize, 
strain M-2, also gave similar response on inoculation 
suggesting that these strains were not host-specific and 
positive response could be obtained with several crops. 

Increase in agriculturally significant yield through 
Azospirillum inoculation does not seem to be confined 
to their role in nitrogen fixation, but may involve 
influence of phytohormones on roots or enhanced 
nutrient uptake by roots^"'^. Production of indole 
compounds was checked in A. lipoferum D-2, lAA 
excretion was similar under both nitrogen fixing and 
non-fixing conditions (Table 2). However, excretion of 
lAA by ammonium grown culture could be stimulated 
by the addition of tryptophan. Although A. lipoferum 
D-2 produced some lAA, production was not sufficiently 
high to promote the observed plant-growth responses. 
A. hrasilense has been shown to produce much higher 
quantities of lAA (50 //g/ml)^h 

According to Patriquin et alP, the greater efficiency 
and magnitude of positive responses to inoculation with 
Azospirillum than with other growth-promoting bacteria 
are related to (i) its being a very effective colonizer of 
roots and, (ii) to nitrogen fixation. Colonization of roots 
was studied in axenically grown wheat inoculated with 
A, lipoferum D-2. Inoculation resulted into colonization 
of mucilagenous sheath surrounding root hair (Figui;e 
In), whereas root hair surface of uninoculated plants 
was smooth and non-mucilagenous (Figure \h). Some 
root hair became deformed in response to Azospirillum 
inoculation. The colonization started from the tip of the 
root hairs and gradually extended towards the base. 
Attachment of Azospirillum cells to root was polar and 
associated with the presence of granular and fibrillar 
material (Figure Ic), which was not seen in the 
uninoculated roots (Figure \d). Disinfection with 
NaOCl of highly colonized roots eliminated most of the 
bacteria (Figure \e). 


Table 1. Effect of inoculation of A. lipoferum strains D-2 and M-2 on barley crop*. 


Growth 

condition 

Dry wt 
of straw 
(g) 

Dry wt 
of grain 
(g) 

No. of 
ears per 
pot 

Grain wt 
per ear 
(g) 

No. of 
grain 
per ear 

% Nitrogen 
of straw 

%Nitrogen 
of husk 

% Nitrogen 
of grain 

Control 

11.07 

09.95 

08.25 

1.11 

38.00 

1.41 

0.73 

2.21 

Azospirillum 

20.57 

16.00 

13.25 

1.07 

35.50 

1.74 

0.85 

2.28 

80 kgN 

22.97 

30.70 

15.50 

2.08 

52.00 

2.11 

0.70 

2.10 

40kgN 

30.62 

25.60 

11.25 

2.54 

50.00 

2.10 

0.83 

2.20 

26.6 kgN 

19.40 

19.07 

11.50 

1.68 

49.00 

2.10 

0.74 

2.16 

26.6 kgN 4- 
A. lipoferum D-2 

25.40 

23.30 

17.25 

1.35 

38.75 

1.99 

0.76 

1.95 

40kgN + 

A. lipoferum D-2 

38.50 

37.37 

23.25 

1.61 

70.50 

2.10 

1.01 

2.49 

26.6 kgN + 

A. lipoferum M-2 

22.62 

22.77 

12.00 

1.50 

60.00 

1.44 

0.81 

2.51 

40kgN + 

A. lipoferum M-2 

42.62 

34.62 

19.25 

2.16 

64.25 

2.20 

1.06 

2.69 


*Results are mean of five independent experiments. 
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Table 2. Excretion of indoleacetic acid (lAA) by A. lipoferum D-2 
under different growth conditions. 


Growth condition 

lAA (/tg/ml) 

Nitrogen grown 

0.35 

Ammonium (10 mM) grown 

0.28 

Ammonium (10 mM) +tryptophan (1 mM) grown 

. 2.55 


Adsorption of bacteria may give the rhizosphere 
bacteria nutritional and favourable microspace advan¬ 
tages. Rhizosphere bacteria may adsorb as single cells 
or as aggregates, but usually are not scattered 
randomly^ Azospirillum cells were found in inter¬ 
cellular spaces of the cortex of various cereals, grown 



Figure 1 Scanning electron micrographs of root hair from: a, uninoculated wheat (x 2,300>-no mucoid surface or deformation 

m surface texture and root hair curling can be seen; c, uninoculated wheat 
(xe oOOHno bacterial attachment or fibrillar mucigel can be seen; rf inoculated wheat (x 6,000)—showing polar attachment of 
bactena (mdiMted by arrow) to a mucilagenous fibriUar mass on root surface, and e, disinfected 24 h after Azos^ritlum lipoferum D-2 
inoculation. Scanty bacteria but mucilagenous mass is visible on the root surface (x 5,800). 
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either axenically or under field and greenhouse 
conditions as well as within dead cortex cells and root 
hairs 

This study reveals that beneficial effect of Azospirillum 
inoculation can be attributed to its nitrogen-fixing 
ability in both free-living as well as associative 
conditions. Non-specificity for the host makes AzO‘ 
spirillum a potential inoculant for several agronomically 
important crops. It is also evident from the present 
results that external adsorption of A. lipoferum D-2 is 
rather weak. Adsorption of bacteria to plant, either 
passive or active, depends on the metabolism of both 
organisms. Preferance of A, lipoferum D-2 to utilize 
dicarboxylic acids such as malate and succinate 
suggests that accumulation of these dicarboxylic acids 
(in C-4 plants), and their transport to the roots, in 
which these bacteria reside, favours nitrogen fixation. 
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Biochemical changes in germinating 
triticale in response to pretreatment 
with pyridoxine 

I. Haque and A. Ahmad 

Department of Botany, Aligarh Muslim University, Aligarh 202 002, 
India 

The present paper reports some biochemical changes in 
germinating triticale in response to pre-treatment of 
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grains with 0.0 (control), 0.001, 0.01 and 0.1% aqueous 
solutions of pyridoxine hydrochloride. These treated 
seeds were sand-cultured in a B.O.D. incubator and 
analysed at 12, 18 and 241 of their germiiiation. Among 
the three concentrations of the vitamin used, 0.01% 
proved most effective in increasing the levels of a- 
amylase, catalase and peroxidase and solubilizing the 
reserve food of the germinating grain. 

The seed being a dispersal unit, is equipped with 
structural and physiological devices and is well 
provided with food reserves which sustain the young 
plant until an autotrophic organism can be established. 
However, impaired partitioning of photosynthates and 
other substances during seed formation result in low 
germinability of the seeds^ The vitamins of B-group 
have been variously claimed to improve germination 
when administered into the seeds through soaking in 
their dilute solutions^ 

Triticale, an intergeneric hybrid of wheat and rye, has 
poor germination in the field^. In our earlier findings 
we established that pretreatment of grains with some B- 
vitamins significantly improved the germination in this 
crop’^. Vitamin administered in the seed triggered some 
hitherto unknown physiological processes which led to 
the early emergence of radicle. The study of the 
biochemical and physiological phenomena that occur In 
a germinating seed and activities that are uniquely 
related to mobilization of reserve food have been 
discussed here. 

The seeds of triticale var. Tigress” were obtained 
from CIMMYT, Mexico and multiplied at Aligarh. The 
healthy grains of the previous year were surface steri¬ 
lized with 0.01% HgCl 2 solution. Thereafter, seeds were 
washed with de-ionised water and soaked for 8 h in 0 
(control, Ti), 0.001 (T 2 ), 0.01 (T3) or 0.1% (T4) aqueous 
solutions of pyridoxine hydrochloride. These pretreated 
grains were allowed to germinate in a B.O.D. incubator 
on the surface of sterile sand spread on a petri dish of 
15 cm diameter in the dark at 27±2'^C. These seeds 
were taken out at intervals of 12, 18 and 24 h of 
germination. 

The a-amylase activity was measured colorimetrically 
using the method based on the starch-iodine reaction 
forming starch-iodide complex®. Catalase activity was 
measured titrimetrically^ whereas, peroxidase activity 
was estimated on colorimeter using purpurogallin for 
standard curve^. However, the determination of carbo¬ 
hydrate and protein and pyridoxine contents was 
carried out colorimetrically 

Irrespective of the treatment, pyridoxine level in the 
grains increased as the germination progressed but the 
increase was very prominent in the grains soaked in 
vitamin solution. The order of the effectivity of the 
treatment was found to be T 4 >T 3 >T 2 >Ti (Figure 
la). It expressed a direct correlation between the levels 
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Figure 1. Effect of pyridoxine on a, seed pyridoxine content; b, a-amylase activity, 
and d, insoluble carbohydrate content of germinating seeds of triticale. 


c, soluble carbohydrate content; 


of the vitamin in the grains and that of the soaking 
solution. It may, therefore, be proposed that uptake of 
the vitamin by the grain is a physical rather than a 
physiological process. The increase in vitamin content 
during grain germination has also been reported in 
cereals and legumes During germination, vitamin 
is either released from its bound form or synthesized 
de novo^^. 

It is generally agreed that during germination of the 
seed, the developing embryo withdraws nutrients in the 
soluble form from the stored quota in the seed. Starch, 
the reserve carbohydrate, is acted upon by a-amylase to 
hydrolyse them to a simpler carbohydrate (glucose), 
which is easily metabolized by the growing embryo. 
The synthesis of the enzyme in the aleurone cells, under 
normal conditions is limited by gibberellic acid secreted 
by embryo or scUtellum. The level of a-amylase in the 
grain may, however, be elevated by soaking them in 
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pyridoxine solution (Figure lb). The lower concentra¬ 
tions of vitamin (0.001 and 0.01%) were more effective 
than the higher concentration (0.1%) which probably 
proved to be sub-optimal. Similarly other vitamins 
(riboflavin and niacin) also elevated the level of a- 
amylase in the tomato seedlings raised from treated 
seeds through increase in gibberellic acid content. 
Another factor responsible for the increase in a-amylase 
activity might have been the involvement of pyridoxine 
as a co-factor of aminotransferases^^, responsible for 
the synthesis of amino acids, the building block of 
protein. 

It may, therefore, be suggested that pyridoxine either 
partly replaced gibberellic acid requirement or accele¬ 
rated its synthesis to induce the production of 
additional amount of enzymatic protein. This will 
naturally speed up the rate of hydrolysis of carbo¬ 
hydrate. Therefore, the soluble carbohydrate content in 
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the germinating grains increased (Figure Ic), whereas, 
the level of insoluble carbohydrate subsequently decreased 
(Figure Id). 

The activity of other enzymes, catalase and peroxidase, 
is very much associated with the presence of glyoxy- 
somes^® responsible for gluconeogenesis of lipids in the 
aleurone layer cells. The levels of these enzymes increase 
as the germination advances^^’^®. However, this in¬ 
crease was much more prominent in the grains 
treated with pyridoxine especially when soaked in 
0.01% solution of vitamin (Figures 2a, b). The 
involvement of pyridoxine in the form of pyridoxal 
phosphate as a co-factor of 5-amino levulinic acid 
synthetase in the synthesis of catalase, a porphyrin 


protein^ ^ may be the reason to defend such an increase 
in the catalase activity in response to pyridoxine 
application. As regards increased production of per¬ 
oxidase in the treated seed, nothing could be said 
definitely. The other vitamins (Bj, B 2 and have 
significant effect on catalase activity in cotton leaves 
raised from pre-treated grains. 

At the onset of the germination the solubilization of 
reserve protein started, therefore, the levels of soluble 
protein increased and that of insoluble protein 
decreased. But this process, like the solubilization of 
carbohydrate, was very much facilitated in grains 
soaked in pyridoxine solution (Figures 2c, d\ 0.01% of 
the vitamin proved most effective like other parameters, 



Figure 2. Effect of pretreatment of grains with pyridoxine on a, catalase activity; b, peroxidase activity; c, soluble protein 
content, and d, insoluble protein content during germination. 


CURRENT SCIENCE, VOL. 59, NO. 8, 25 APRIL 1990 


429 





RESEARCH COMMUNICATIONS 


whereas, 0.1% being supra-optimal did not prove 
beneficial and the lowest concentration of the vitamin 
(0.001%) tried went unnoticed. The synthesis of 
additional amount of protein from liberated amino 
acids also accounted for the increased level of soluble 
protein. Further beneficial effect of pyridoxine in the 
process of seed germination is not altogether surprising 
as vitamin is a coenzyme in amino acid synthesis^ 
where organic acids produced during oxidation of 
carbohydrate in Kreb’s cycle are used. 
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Auxin-phenol-induced rooting in a 
mangrove, Rhizophora apiculata Blume 
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The hypocotyls of Rhizophora apiculata responded well 
to auxin and phenol treatments for rooting. Treatment of 
hypocotyls with indole-3-acetic acid (lAA) (0.05 mg/l) 
promoted root length by 1.9-folds over the control. The 
phenolic acid and lAA synergism was well pronounced in 
root initiation rather than in root elongation. Of the 
phenols studied, 1 ^^^-benzenetriol in combination with 
lAA induced 16 roots per hypocotyl as against 10 in 
control. The rooted seedlings were easily established in 
the soil. 

Rhizophora apiculata is a common mangrove species, 
which propagates through viviparous seedlings. The 
hypocotyls often exhibit poor rooting resulting in 
inefficient establishment of seedlings in loose and 
muddy soil of the coastal environment ^ To overcome 
this, an attempt was made to enhance the rooting of the 
hypocotyls by application of auxins and phenolic 
compounds. 

Healthy hypocotyls of Rhizophora apiculata Blume. 
with length of 27 db 2 cm were collected from an 
individual plant in April 1989 from the Pichavaram 
mangroves (ir27'N, 79°47'E), Tamil Nadu. The 
hypocotyls were placed separately in 500 ml beakers 
containing 250 ml of test medium. The experimental 
media used were prepared using seawater (salinity 
15 g/1) with auxins—indoleacetic acid (lAA) and 
indolebutyric acid (IBA) at 0.05, 0.5, 1.0, 2.0, 5.0, 
10.0 mg/l each. Phenolic compounds—caffeic acid, 
catechol, ferulic acid, gallic acid, l,3,5-ben2enetriol, 
salicylic and tannic acids (Sigma Chemicals, USA)—were 
administered at 1, 10, 100 mg/l with or without lAA 
(2 mg/l). All media were adjusted to pH 7. Four 
replicates were taken for each treatment. The control 
received seawater alone. The beakers were wrapped 
with black paper and incubated in diffused light at 
ambient temperature of 27±2°C. After 15 days of 
incubation, root growth characteristics were recorded. 

lAA and IBA enhanced root length at lower 
concentrations with range of 1.3- to 1.9-fold (Figures 1 
and 2). However, the increase in the number of roots 
was not significant. lAA at 0.05 mg/l greatly promoted 
root length by 1.9-fold compared to the control. Higher 
concentrations of IBA (2, 5, 10 mg/l) were found to have 
inhibitory effect on rooting (Figure 2). 
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CURRENT SaENCE, VOL. 59, NO. 8, 25 APRIL 1990 



RESEARCH COMMUNICATIONS 


H No. of roots/hypocotyl 
n Root length 



CONTROL 0-05 0*5 1.0 2.0 5-0 lO-O 


Concentration of lAA (mg/t) 

Figure 1. Effect of indoleacetic acid on rooting of K. apiculata 
hypocotyls. 


I No of roots/hypocotyl 
I I Root lertgth 



CONTROL 0.05 0.5 1-0 2.0 5-0 10-0 


Concentration of IBA(mg/0 

Figure 2. Effect of indolebutyric acid on rooting of R. apiculata 
hypocotyls. 

Phenolic compounds when applied alone, increased 
the number of roots (Table 1). The increase ranged from 
1.3" to 1.5-fold in treatments of 1,3,5-benzenetriol 
(100 mg/1), ferulic acid (10 mg/1) caffeic acid (10 mg/1) 
and gallic acid (1 mg/1). Influence of 1,3,5-benzenetriol 
on rooting response is shown in Figure 3. The phenolic 
compounds, when combined with lAA (2 mg/1) also 
increased the number of roots (Table 1). In these 
treatments the root formation was increased by 1.3- to 
1.9-fold in ferulic acid (100 mg/1), catechol (100 mg/1), 
salicylic acid (10 mg/1), tannic acid (1 mg/1) and 1,3,5- 
benzenetriol (1 mg/1). 

Phenolic compounds when used singly, enhanced the 
root length (Table 1) with a range of 1.5- to 1.8-fold in 
ferulic acid (1 mg/1), catechol (1 mg/1), salicylic acid 
(1 mg/1), 1,3,5-benzenetriol (1 mg/1), tannic acid (1 mg/1), 
caffeic acid (100 mg/1) and gallic acid (1 mg/1). The 
phenolics in combination with lAA (2 mg/1), also 
promoted the root elongation with increase of 1.1- to 
1.4-fold in only few cases like caffeic acid (1 rjig/l), 
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Table 1. Phenol-IAA-induced effect on rooting of Rhizophora 
apiculata Blume. hypocotyl. 



Number of root/hypo- 
cotyl* 

Length of root hypo- 
cotyP 

Phenol 

~IAA 

+ IAA 

-lAA 

+ IAA 

Control 

9.5 

10.0 

4.00 

5.85 

Caffeic acid 

1 ppm 

10.0 

6.0 

5.50 

6.22* 

10 ppm 

14.0" 

10.5 

5.61 

5.44 

100 ppm 

11.5 

10.5 

7.03" 

5.87 

Catechol 

1 ppm 

10.5 

7.0 

6.10" 

4.47 

10 ppm 

9.5 

9.0 

5.82 

5.59 

100 ppm 

8.0 

lO.O" 

4.89 

4.05 

Ferulic acid 

1 ppm 

8.5 

8.5 

5.99" 

4.47 

10 ppm 

14.0" 

10.0 

5.54 

5.67 

100 ppm 

8.0 

10.0'’ 

4.19 

5.73* 

Gallic acid 

1 ppm 

14.5" 

10.5 

7.26" 

6.92 

10 ppm 

8.0 

6.5 

6.25 

6.06 

100 ppm 

7.5 

7.5 

5.26 

4.89 

l,3,5-ben2enetriol 

1 ppm 

6.5 

12.0'’ 

6.49" 

6.43 

10 ppm 

9.5 

16.0 

5.68 

4.82 

100 ppm 

12.0" 

8.5 

4.38 

4.68 

Salicylic acid 

1 ppm 

9.5 

11.5 

6.50" 

6.13 

10 ppm 

9.0 

11.5* 

6.10 

6.34 

100 ppm 

10.0 

9.5 

4.39 

6.12* 

Tannic acid 

1 ppm 

8.0 

11.5* 

6.98" 

6.34 

10 ppm 

10.0 

8.5 

6.60 

6.05 

100 ppm 

10.5 

9.0 

6.45 

5.47 


’•‘Average value of 4 replicates. 

"Significant at 1 % to control. 

^Significant at 1 % to its corresponding phenolic treatment (- lAA). 


ferulic acid (100 mg/1) and salicylic acid (100 mg/1) 
(Table 1). 

Auxins or certain phenols are known for their 
promotorial effects in rooting of many non-mangrove 
plants^ It has been shown that phloridzin, the 2'- 
glucoside of phloretic acid and its degradation 
products, 1,3,5-benzenetriol and phloretic acid, can 
significantly enhance the growth of shoots and roots of 
apple root stocks cultured in Effects of 1,3,5- 

benzenetriol on viviparous seedlings are reported here 
for the first time. Basu et al^ found that phenolic 
compounds like salicylic acid, gallic acid and tannic 
acid when used alone, did not show any conspicuous 
root-promoting effect but did so with auxins in the case 
of leafy cuttings of Eranthemum tricolor. 

In the present study, phenols promoted root growth, 
when applied singly and also showed synergistic action 
with IA A, in few cases (Table 1). The phenol-IAA 
synergism was well pronounced in root initiation rather 
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Figure 3. Influence of l,3,5-ben2enetrioI and indoleacetic acid on rooting of hypocotyls of R. apiculata. A, Seawater control. 
B, 1,3,5-Benzenetriol (1 mg/ml). C, Indoleacetic acid (2 mg/ml). D, 1,3,5-Benzenetriol (1 mg/ml) +lAA (2 mg/ml). 



than in root elongation. For instance, increase in 
number of roots was by 1.9-fold whereas in root length 
it was only 1.4-fold, as maximum effect of phenol-IAA 
synergism (Table 1). Of the phenols studied, 1,3,5- 
benzenetriol had promising synergistic effect with lAA 
in promoting the number of roots (Table 1) as reported 
in many fruit trees^'^. Besides this, either gallic acid 
(1 mg/1) (Table 1) or lAA (0.5 and 0.05 mg/1) (Figure 1) 
could be used for efficient rooting of R. apiculata. The 
rooted seedlings easily got adapted in the soil when 
planted after the above treatments. Hence the treatments 
will be beneficial in raising vigorous seedlings in 
nurseries for conservation and management of the 
mangroves. This will augment easy adaptation of the 
seedling which is otherwise difficult. 
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Cimetidine [N-cyano-iV'-methyl-A^'-2 (5-methyH //-imi- 
dazol-4-yl)methylthioethylguanidine] is used as anti- 
ulcerative drug and is known to inhibit gastric acid 
secretion and to reduce pepsin output. It was tested on 
Swiss albino mice. Mice given 15 mg/kg of the drug orally 
showed damage of testicular elements just after one week 
of treatment. Testis sections showed coalescence of cells 
to form multinucleate bodies in most of the tubules 
whereas Sertoli cells, spermatogonia and spermatocytes 
appeared in their normal positions. However, after 2 
weeks of treatment with the same dose, considerable 
damage in the tubules was evident. Even after the 
recovery phase^ a significant alteration in the weight of 
testis with reduction in sperm count was observed. 

A recent advance in medical management of peptic 
ulcer has been the introduction of the histamine H 2 
receptor antagonist, Cimetidine. Most of the reports on 
Cimetidine showed that this antiulcerative drug has 
been associated with gynaecomastia as a side effect ^ 
Early toxicological studies with Cimetidine showed a 
decrease in prostate and seminal vesicle weights in rats 
and dogs treated with the drug orally^’Occasional 
reports of Cimetidine-associated gynaecomastia have 
appeared in the literature'*^"'^. Other side-effects noted 
in clinical usage suggested the possibility of interaction 
with androgen-or estrogen receptors, which can affect 
the target organs. This prompted us to study the 
histopathological effect of Cimetidine on testes of 
albino mice. 

Swiss albino male mice of Lacca strain, of age 75-100 
days and weighing around 26 g, were used. They were 
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Table 1. Effect of Cimetidine (15 mg/kg) consumption on ejaculate 
sperm count of mice. 



Ejaculate sperm content 

( X 10^) 

(feeding phase) 

Ejaculate sperm count 

( X 10^) 

(recovery phase) 

Control 

5.00±0.15 

5.21 ±0.19 

1 Week 

4.41 ±0.23 

4.80 ±0.19 

2 Weeks 

2.12 ±0.25 

3.50±1.00 


Values are mean±SD (n= 5); Statistically significant difference from 
controls, P< 0.001. 


housed in plastic cages and allowed to adjust to the 
new environment for two weeks. Food pellets (Hindustan 
Lever) and tap-water were provided ad libitum, 

A single dose of 15 mg/kg of Cimetidine was given 
orally using water as a vehicle for 1 and 2 weeks to 
groups of 10 animals each. The animals were sacrificed 
after 1 and 2 weeks (5 each) and their testes, seminal 
vesicles and prostate glands were weighed. Testes were 
fixed in Bouin’s, sectioned at 7 jam and stained with 




Figures 1-4. 1, TS of testis of 1-week-treated mice showing spermatogenesis in some tubules (arrow) H&E ( x im 2 Di^ortrini 
zation of the germinal elements in testis of 2-week-treated mice. H&E, (x lOOQ) 3, Multinucleated cells and vacuolation of 

1-weeI^treated miw H&E, (x 450). 4, Displacement of the germinal elements and multinucleated giant cell in testis of 2-wedcarealed 
mice. (X 450). 
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Delafield’s haematoxylin/eosin for pathological analysis*^. 

Recovery was studied 15 and 30 days after 
discontinuation of drug to a group of animals (5 each). 
Testes, seminal vesicles and prostate glands of these 
animals were also weighed. Testes were then processed 
for histopathological analysis as described. 

The method of Ratnasooriya*^ was followed for the 


determination of the effect of Cimetidine ingestion on 
ejaculate sperm count. The ejaculate sperm content of 
male mice was determined a day before sacrificing. 
Male mice were individually paired with a single 
mature female in the male home cage (8 h/day). If 
mating had taken place, as determined by the presence 
of spermatozoa in the vagina, the females were 



Figures 5-8. 5, TS of testis after 15 days of recovery following Cimetidine administration for 2 weeks. H&E, (x 1000). 6, TS of 
testis showing normal interstitial elements and arrangements of germinal elements after 30 days of recovery following Cimetidine 
administration for 1 week. H&E, (x 1000). 7, TS of testis showing vacuolation after 30-day recovery period of 2-week-treated mice. 
H&E, (X 1000). 8 , TS of testis after recovery for 30 days following 2-week-treatment, showing pycnosis and vacuolation (arrows) 
H&E, (X 100). 
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Table 2. Changes in the weight of testis, prostate and seminal 
vesicle after 15 mg/kg of Cimetidine ingestion. 



Control 

1 Week 

2 Weeks 

Feeding phase 

Testis wt (g) 

Prostate wt (g) 

Seminal vesicle wt (g) 

0.606 ±0.021 
0.125±0.015 
0.055 ±0.001 

0.450 ±0.025 
0.110 ±0,014 
0.052 ±0.001 

0.380 ±0.020 
0.098 ±0.015 
0.054 ±0.002 

Recovery phase 

Testis wt (g) 

Prostate wt (g) 
Seminal vesicle wt (g) 

0.597 ±0.020 
0.130 ±0.020 
0.060 ±0.002 

0.551 ±0.010 
0.120±0.015 
0.058 ±0.003 

0.400 ±0.015 
0.100 ±0.012 
0.062 ±0.002 


Values are meaniSD (n = 5), Statistically significant difference from 
controls, P< 0.001 (Student’s t test). 


sacrificed via cervical dislocation. The uterine horns. 
Fallopian tubes and ovaries were exposed and freed 
from surrounding tissues. Haemostats were clamped on 
each Fallopian tube and the lower end of the vagina. 
The entire reproductive tract was removed and 
transferred to a 10 cm petri dish containing 0.9% saline 
at 3TC. The clamps were removed and the vagina and 
uterine walls were scraped gently to remove any 
embedded spermatozoa. The number of spermatozoa 
present was determined using an improved Neubauer 
haemocy tome ter (white cell dilution). Counts were 
performed in duplicate and were expressed as sperm 
count (X 10^). 

Ejaculate sperm count, as determined during both 
phases of the investigation, is presented in Table 1. 
Treated mice showed a significant reduction in ejaculate 
sperm content (F< 0.001) compared to the control mice. 
Analysis of male ejaculate content after recovery phase 
also showed significant reduction in sperm content after 
30 days. 

Table 2 shows a significant decrease in the weights of 
testis and prostate although seminal vesicle appeared to 
be normal after Cimetidine ingestion. 

Histopathological analysis of the testes revealed 
significant alterations. Spermatogenesis was observed in 
some central tubules of 1 week-treated mice (Figure 1) 
but there was high incidence of multinucleated giant 
cells in most of the tubules (Figure 3). After 2 weeks of 
treatment the effect was more deleterious as there were 
vacuolations and displacements of the germinal elements 
(Figures 2 and 4). When observed after the recovery 
periods of 15 and 30 days the damage to the testes 
appeared to be reversible after 1-week treatment 
(Figures 6 and 7). However, after 2-week treatment, 
various forms of architectural disarrangements (vacuoliza¬ 
tion, karyolysis, pycnosis) were very common in most of 
the tubules even after the recovery phase (Figures 5 and 
8 ). 

The present investigations were undertaken to 
evaluate the effect of Cimetidine on the testes of male 
albino mice. In addition to the lowered sperm counts 
and altered testicular weights following Cimetidine 
ingestion, histopathological studies revealed irreversible 
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damage to the testes after 2 weeks of treatment. In 
concurrence with the present results the male rat pups 
exposed to Cimetidine during late gestation have been 
reported to appear phenotypically 'feminized’ at birth 
and having smaller testes with lower testosterone level. 
They even demonstrated reduced sexual performance 
when studied in later adult life distant from any exposure 
to the drug^. 

It has also been observed that Cimetidine interacts 
with androgen receptors but fails to initiate a post¬ 
receptor message 2, which is the cause for the significant 
decrease in the weights of testes and prostate. 
Moreover, the clinical usefulness of Cimetidine is 
occasionally inhibited as a result of such actions, which 
account, at least in part, for the impotence, loss of 
libido, reduction in sperm counts and gynaecomastia 
seen in some men who use the drug^’^. 
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In multitransfused B and EB thalassaemic children, level 
of serum ferritin, an index of depot iron, is inversely 
related to serum cholesterol level. The observation 
suggests that excess body iron has an inhibitory action on 
the biosynthesis of cholesterol. 

Iron overload is a serious problem with multitransfused 
individuals like B and EB thalassaemics because each 
unit of 250 ml blood that is transfused adds approxi¬ 
mately 150 mg of iron to the body stores ^ The body’s 
limited ability to get rid of the excess iron results in a 
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gradual increase in storage iron levels and eventually 
tissue damage. The extent of iron overload can be 
measured by assaying for levels of ferritin in the serum 
which is a direct reflection of the amount of storage 
iron in the body^. Besides causing changes in the rates 
of reactions that require iron, high iron levels have been 
reported to inhibit the enzyme HMG CoA reductase^ 
which catalyses the conversion of HMG CoA to 
mevalonate, the committed step in the biosynthesis of 
cholesterol"^. It therefore stands to reason that excess of 
iron will result in diminished synthesis of cholesterol. 
The present report confirms that high levels of serum 
ferritin are correlated with low serum cholesterol values 
in B and EB thalassaemia. 

Venous blood was collected in glass test tubes from B 
thalassaemic (n = 72) and EB thalassaemic (/t = 53) 
children as well as age matched controls (n=10). The 
consent was obtained from informed parents. The 
diagnosis of B and EB thalassaemia was based on 
clinical and haemoglobin electrophoresis^’^. Serum 
ferritin was assayed by the enzyme-linked immunosorbent 
assay (Behring Diagnostics FRG with Mini II Reader). 
Serum cholesterol was assayed by the method of Henley^, 
using reagents obtained from Ortho Diagnostics, USA. 

The results are shown in Tables 1 and 2. It can be 
seen from Table 1 that B-thalassaemic children with 
less than 50 units transfusions had an average ferritin 
level of 1854.02±211.23 ng/ml and a cholesterol value 
of 132.62 ±6.03 mg/dl whereas the normal children who 
had never received blood transfusions had ferritin levels 
of 16.07 ±5.17 ng/ml and 203 ± 8.45 mg/dl of cholesterol. 
Similarly, with B thalassaemic children who had received 
between 50 and 100 units transfusions, the ferritin level 
was found to be 2276.78 ±331.70 ng/ml while the chole¬ 
sterol was 120.94 ±6.66 mg/dl. With EB thalassaemic 
children a similar picture was observed. Those receiving 
less than 50 units transfusions had 1067.92 ± 191.35 ng/ 
ml ferritin and 125.96 ±8.26 mg/dl cholesterol. The 
ferritin level increased to 1690.59 ±301.52 ng/ml in the 
group who received between 50 and 100 units trans¬ 
fusions. The cholesterol level remained at 124.37 ±9.98 
mg/dl. Thus it was evident that extremely high ferritin 
values correlated with the very low cholesterol values in 
these multitransfused subjects. Since the low cholesterol 
values may be a reflection of the small age of the 
subjects we have presented the ferritin and cholesterol 
values of these multi-transfused children in relation to 
their age and compared them with the normal children. 
The results are shown in Table 2. It can be seen that 
the group of B thalassaemic children above the age of 
10 had ferritin value of 2198.11 ±230.13 ng/ml and 
106.33 ±5.32 mg/dl of cholesterol. The EB thalassaemic 
children of the same age group had ferritin values of 
1555.28 ±261.33 ng/ml and 123.21 ± 8.05 mg/dl of chole¬ 
sterol. However, normal children below the age of ten, 
had a cholesterol value of 203.00 ± 8.45 mg/dl which is 
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Table 1. Levels of serum ferritin and serum cholesterol of B and 
EB thalassaemic children (related to number of unit transfusions). 


State 

No. of 
transfusions 

Ferritin 

(ng/ml*) 

Cholesterol 

(mg/dl*) 

B thalassaemia 

<50 

1854.02 ±211.23 

132.62 ±6.03 

(n = 72) 

(« = 35) 

P< 0.005 

P< 0.005 


50-100 

2276.78 ±331.70 

120.94 ±6.66 


(n = 37) 

P< 0.005 

P< 0.005 

EB thalassaemia 

<50 

1067.92 ±191.35 

125.96 ±8.26 

(« = 53) 

(n = 26) 

F< 0.005 

P< 0.005 


50-100 

1690.59 ±301.52 

124.37 ±9.98 


(n = 27) 

P <0.005 

P <0.005 

Control 

(n=10) 


16.07±5.17 

203.00 ±8.45 


*Mean ± S.E. 


Table 2. Levels of serum ferritin and serum cholesterol in B and 
EB thalassaemic children in different age groups. 


State 

Age 

(yrs) 

Ferritin 

(ng/ml*) 

Cholesterol 

(mg/dl*) 

B thalassaemia 

<10 

2051.17± 173.11 

127.03 ±6.15 

(n = 72) 

(n = 25) 

P< 0.005 

P< 0.005 


>10 

2198.11 ±230.13 

106.33 ±5.32 


(n = 9) 

P< 0.005 

P< 0.005 

EB thalassaemia 

<10 

1234.56 ±231.90 

127.20 ±9.15 

(« = 53) 

(n = 25) 

P< 0.005 

P< 0.005 


>10 

1555.28 ±261.33 

123.21 ±8.05 


(n = 28) 

P< 0.005 

P< 0.005 

Control 

(«=10) 

(5.2) 

16.07±5.17 

203.00 ±8.45 


*Mean ± S.E. 


much greater than the cholesterol values obtained for 
the multi-transfused B and EB thalassaemic children 
although they were older than the normal children. It is 
evident that the low cholesterol values seen in multi¬ 
transfused subjects are not related to their age, but are 
related to high serum ferritin levels, i.e. high iron 
overload suppresses the synthesis of cholesterol in the 
multitransfused children. 
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BOOK REVIEW 


Now, molecular plant 
physiology 


Annual Review of Plant Physiology and 
Plant Molecular Biology 1989. Voi. 40. 
W. R. Briggs, ed. Annual Reviews Inc., 
Palo Alto, USA, 1989. 613 pp. 


As the techniques, ideas and approaches 
of molecular biology have become 
incorporated in all the disciplines of 
biology, quite appropriately, plant mole¬ 
cular biology has also been included in 
the Annual Review of Plant Physiology 
starting with volume 39. 

The twenty articles in this volume 
deal with a wide variety of topics, such 
as Azolla-Anabaena symbiosis, plasma 
membrane ATPase, intracellular pH, ion 
channels, interactions between nuclear 
and organellar genomes, photomorpho¬ 
genesis, development of herbicide-resi¬ 
stant crop plants, isoprenoid biosynthe¬ 
sis, xyloglucans, phenylpropenoid meta¬ 
bolism, endosperm mobilization, and 
xylem cavitation and embolism. 

Intracellular pH is turning out to 
be of far more importance in triggering 
growth and developmental changes than 
has been realized so far. The activity of 
proton-ATPase is regulated by pH and 
membrane potential. Besides regulating 
cytosolic pH, H'^-ATPase is emerg¬ 
ing as a master enzyme and most of the 
plant hormones also interact with it. 
However, the notion of protons acting 
as second messengers of hormones is 
still controversial. Calcium ions and 
calmodulin are also very important 
mediators of various cellular processes, 
e.g. phosphorylation of -ATPase and 
phytochrome-regulated chloroplast move¬ 
ment. Though the turnover of phospho- 
inositols and diacylglycerol-regulated 


release of calcium ions have been 
demonstrated in a few plants, it is not 
known if the elements of signal trans¬ 
duction steps are arranged and operate 
in a circuit similar to that found in 
some of the animal systems. There is 
reason to believe that an understanding 
of the mechanism of H'*'-ATPase modu¬ 
lation by various effectors could clarify 
an important regulatory circuit. ’ Patch 
clamp studies have demonstrated 
the presence of ion channels in the 
membranes of higher plants. Their role 
in the signal transduction pathway in 
plants remains to be elucidated. Poly¬ 
amines are associated with rapid cell 
division but their precise role remains 
unknown and there is no evidence that 
they act as growth regulators, hormones 
or second messengers. 

The obligate symbiont associated 
with the water fern Azolla may well 
belong to the genus Nostoc and not 
Anabaena. Its filaments are associated 
with the apical meristem of each stem 
and are partitioned as new leaves 
develop. In the Azolla-Anabaena associa¬ 
tion, NH 4 derived from fixed nitrogen 
is transported to the fern where it is 
assimilated by the glutamate synthase. 

During plastid development, a proper 
coordination of gene expression between 
plastid and nuclear genomes is of 
paramount importance. The regulatory 
information seems to flow in both 
directions. The development of chloro- 
plasts also affects the expression of some 
of the nuclear genes coding for the 
chloroplast proteins. The nuclear genes 
for plastid proteins are largely regulated 
at the transcriptional level, while in the 
plastids, multigene transcriptional units 
are formed and the stability of RNA is 
very important in regulating gene 
expression. Surprisingly, the synthesis of 


nuclear-coded RbcS (small subunit of 
ribulose bisphosphate carboxylase) is 
independent of the plastid-coded RbcL 
(large subunit), but both accumulate in 
stoichiometric amounts because there is 
a rapid proteolysis of unassembled 
excess subunit. RbcS is coded by 3 to 12 
related genes all of which seem to be 
expressed in the leaves of a given 
species; their expression is highly coordi¬ 
nated with plastid development. 

A fine recent example of the applica¬ 
tion of plant physiology and molecular 
biology has been the development of 
herbicide-resistant crop plants. Corn 
lines resistant to sulphonylureas deve¬ 
loped by Pioneer Hi-Bred are being 
field-tested and are anticipated to be 
released in early 1990s. Sulphonylureas 
inhibit acetolactate synthase (ALS) which 
is required for the synthesis of isoleucine, 
leucine and valine. As animals lack 
ALS, the low toxicity to them can be 
explained. As most of the crop plants 
are not yet amenable to direct trans¬ 
formation, regeneration of plants from 
cell lines resistant to sulphonylureas and 
other ALS inhibitors (such as imidazo- 
linone) has been accomplished. Once the 
transformation becomes possible, the 
herbicide resistance genes could also be 
used as reporter genes to introduce 
genes for traits such as disease resistance 
and nutritional qualities, which cannot 
be scored readily at cell level. 

The incorporation of recombinant 
DNA techniques has completely trans¬ 
formed the field of plant physiology and 
exciting advances are occurring on 
several fronts. 

M. M. JOHRI 

Molecular Biology Unit 

Tata Institute of Fundamental Research 

Bombay 400 005 
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ENVIRONMENTAL SERIES 

Edited by: 

Dr R. Prakash 

M. Sc., Ph. D., F. S. B. Gold Medalist 

Junior Scientist Awardee 

Due to heavy urbanization, industrialization and motorization, the environmental crisis exerts risk to 
plant and animal life. The present Environmental Series” serves the current state of the knowledge of 
specific aspects relating to the environmental pollution of xenobiotics, especially on human health and 
hygiene. The four volumes, 1. Envitonmental strategies and biosciences, II. Recent trends in 
toxicology, III. Environmental pollution and health hazards, and IV. Environmental concern 
and tissue injury, contain important articles related to toxicology and pharmacology. The publications 
provide very useful information to students and research workers interested in the field of environmental 
problems. Volume V, Environmental contamination and hygiene, is coming out shortly. Special 
discount will be provided for pre-publication orders. 

Book can be obtained from: 

Jagmander Book Agency 

22 B/ 5 , D.B, Gupta Road, 

Karol Bagh, New Delhi. 


FISH CHROMOSOME ATLAS 

The Director, National Bureau of Fish Genetic Resources, Allahpur, Allahabad 211 006 requests for 
sending information on chromosomes of Indian fishes including molluscans and crustaceans along with 
relevant photographs/plates for the proposed CHROMOSOME ATLAS. Published and unpublished 
data can be sent in the format below. Authors will be acknowledged and due credit recorded. 

(Kindly 

FORMAT 

use separate sheet for each species) 

I. Author’s name and address 

12 . Fundamental arm number 

2 . Name of the species 

13 . Chromosome formula 

3 . Family 

14 . Sex chromosomes 

4 . Common English name 

15 . Banding technique used 

5 . Local name 

16 . Cellular DNA content 

6 . Locality from where collected 

17 . Karyotype evolution indicated 

7 . Sex 

18 . Any other information like abnormal cells, 

8 . Tissues studied 

aberrations, etc. ^ 

9 . Total cells counted 

19 . Details of photomicrographs attached 

10 . Range of chromosome number 

(a) Metaphase 

II. Chromosome number of: 

(b) Karyotype 

(a) haploid 

20 . Author’s references pertaining to above informa¬ 

(b) diploid 

tion. (PL attach separate sheet) 

(c) hybrids, if any 

21 . Signature with date 
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In this issue 


The Monte Carlo method — 
cutting the Gordian knot 

Debashish Chowdhury reviews (page 
456) current understanding of disor¬ 
dered magnetic materials based on 
the use of the so-called Monte Carlo 
method. If one counted the number of 
times this name appears in contempo¬ 
rary scientific literature, the total 
would be impressive indeed! This 
city on the Mediterranean, chiefly 
known for its gambling industry, has 
unwittingly lent its name to a major 
preoccupation of many physicists and 
chemists (not to mention others). The 
idea is to solve otherwise awkward 
problems by the equivalent of tossing 
coins or throwing dice inside a com¬ 
puter. The basic rules of statistical 
mechanics, unchanged from the time 
of Boltzmann and Gibbs, give the 
relative probability for two different 
states of a system to occur at temp¬ 
erature T. The state which is higher in 
energy by E is rarer by a factor 
k being Boltzmann's constant. The 
observed properties of the system are 
to be calculated by summing over all 
the states of the system with this 
‘Boltzmann weight’—something eas¬ 
ier said than done. Cases where this 
can actually be done exactly are rare 
enough that the inventor of each 
genuinely new one is guaranteed a 
place in the theoretical physicists’ 
Hall of Fame beside Onsager, Yang 
and Baxter (to name a few). But there 
are many cases—like the disordered 
magnetic materials of Chowdhury’s 
article—that do not lend themselves 
to such exact solution. Approxima¬ 
tions abound but are often 
uncontrolled—a sceptic could well 
distrust the results they give. The 
Monte Carlo philosophy is to fashion 
in the computer a ‘coin’ whose tosses 
give the Boltzmann weight. This 
p'ves a fair sample of the system be¬ 
haviour at a given temperature. The 
coin has to be tossed many times. 
(The reader is invited to toss a coin a 
hundred times to see how disappoint¬ 
ingly far from half the fraction of 
heads can be—typically ten per 
cent.) Of course, many subtleties and 
ingenious tricks have emerged over 
the years. 

Is this physics? A traditionalist 
would be deeply disturbed that the 


method is a black box from which 
purely numerical answers emerge. A 
radical might well point out that the 
Job is to find out the consequences of 
starting assumptions as accurately as 
possible, and one is no more re¬ 
stricted to pen and paper than geome¬ 
ters are to ruler and compass. More 
reasonably, one might ask what in¬ 
sight emerged in each instance, inde¬ 
pendent of the tool used. But in any 
case, the Monte Carlo method has 
come to stay. 

R. Nityananda 


Logging water-logged areas 

The introduction of canal irrigation 
in the Punjab caused the groundwater 
level to rise in some regions by as 
much as 25 cm per year from 1895 to 
I960. Since 1960, in some regions 
water levels have risen by almost 50 
cm every year, and many places have 
become ‘water-logged’ (which is the 
term used when the groundwater- 
table is less than two metres from the 
surface). Some of the causes are re¬ 
charge from canals, inadequate drain¬ 
age, and poor outllow owing to limi¬ 
ted withdrawal of groundwater be¬ 
cause of its saline and brackish na¬ 
ture. It is of the greatest importance 
to note when and where water-log¬ 
ging occurs to initiate precautionary 
measures. 

Advances in remote-sensing tech¬ 
nology have come in handy for not 
only monitoring natural resources but 
also for mapping water-logged areas. 
LANDSAT images indicate that there 
is a decrease in the water-logged area 
in south-west Punjab. But field stud¬ 
ies by K. P. Singh (page 464) show 
that this is not so and that the water¬ 
logged area continues to increase in 
extent. Water-logged areas can be 
picked up by LANDSAT if the capil¬ 
lary rise in the soils is high and the 
topsoil zone is near saturation. If, on 
the other hand, the capillary rise is 
low, the topsoil is not saturated and 
will not have a sufficiently different 
reflectance to be distinguished in 
LANDSAT images. The author's con¬ 
clusion is that great caution has to be 
exercised in interpreting LANDSAT 
data and that it is important to com¬ 
bine data from LANDSAT images 
with field data. 


Mango lore, mango lure 
H. R. Parikh and V. V. Modi show 
(page 468) that artificial ripening of 
mango induced by abscisic acid in¬ 
volves de novo protein synthesis. 
During the ripening process, levels of 
sqcrose, fructose and total sugar in¬ 
crease while acid content decreases. 
The sugar-to-acid ratio contributes to 
the appealing taste of mango. 

A chronicler of 1563 says of the 
mango: ‘Certain mangas [.s/c] of 
Guzerat were not large but of sur¬ 
passing fragrance and flavour and 
having a very small stone. Those of 
Balaghat were both excellent and big. 
The doctor had seen two that weighed 
4 arratels and a half [i.e. 4.2 

pounds].’ Blockman, 1598: ‘The 
mango {amba) is unrivalled in colour, 
smell and taste. Some gourmands 
place it above musk-melon and 
grapes.’ Bernier, 1669: ‘The best 
come from Bengale, Golconda and 
Goa. I do not know any sweetmeat 
more agreeable.’ 

But the mango did not always get 
such a good press. Pliny (probably 
quoting Theophrastus) says: ‘There is 
yet another tree which beareth a fruit 
which is long, not straight but 
crooked, with a most delectable taste. 
But this gives rise to colic and dysen¬ 
tery.’ ‘Wherefore Alexander pub¬ 
lished a general order against eating 
it.’ There is however a faint suspi¬ 
cion that the fruit that gave the 
Macedonian army dysentery might 
have been some other fruit. Ibn Bat- 
uta, 1334: ‘No other tree gives so 
much shade but this shade is un¬ 
wholesome and whosoever sleeps un¬ 
der it gets fever.’ The same charge is 
also levelled against the tamarind 
tree. _ 

Many attempts were made to im¬ 
prove the mango. ‘The fruit of the 
wild tree is uneatable.’ ‘It tastes like 
a ball of tow soaked in turpentine.’ 
Babar, the first of the great Moghuls, 
says in his Babarnama: ‘Of the vege¬ 
table production peculiar to Hindus¬ 
tan, one is the mango (amheh). The 
excellence of the fruit depends on the 
variety.’ The emperor Jehangir says 
in Je hang imam a: ‘Muqurrab Khan 
sent me some mangoes of Gujarat 
[from present-day Muzaffarnagar, 50 
miles from Delhi] everyday by run- 
















ners up to the twentythird of the 
month Mihr [middle of October] 
while the normal mango season ends 
in Tir [July]/ Obviously Muqurrab 
Khan managed to prolong the mango 
season in his gardens. 

The characteristic taste of mango 
has been poetically described: ‘The 
Mango when ripe—the Apples of 
Hesperides are but fables to them; for 
taste the Nectarine, the Peach and the 
Apricot fall short, and it is the whole- 
somest and the best tasting of any 
fruit in the world/ One hopes that 
any treatment to induce ripening will 
not remove the mango's celebrated 
flavour. 

Antifilarial role for a relative? 

The cashew plant, Anacanlium oc- 
cidentalc, is in the same family of 
flowering plants as the mango. And 
like the mango, the cashew is a cash 


crop. It is grown for its edible nut, 
which is the true fruit of the plant and 
hangs below a fleshy ‘pseudocarp/ 
M. Suresh and R. Kaleysa Raj report 
(page 477) that cashew-nut shell ex¬ 
tract has antifilarial activity. The ac¬ 
tive substance is cardol, a phenolic 
compound, known earlier from 
cashew-nut shell extract. The authors 
report that cardol, tested against the 
filarial parasite of cattle, which is 
very similar to the human parasite, is 
100 times more active than diethyl- 
carbamazine, one of the few drugs 
currently used against human filari- 
asis. WHO estimates that filariasis 
affects the lives of nearly a billion 
people, mainly in Africa, South-East 
Asia and, to a lesser extent, Latin 
America. 

Food safety testing 

Polynuclear aromatic hydrocarbons 


(PAHs) are formed as a result of ther¬ 
mal degradation of organic matter. 
They have been detected in cigarette 
smoke and polluted air, besides other 
environments and products, and in 
several food items. Many PAHs have 
been shown to be mutagenic in the 
Ames Salmonella assay. There is a 
high degree of correlation between in 
vitro mutagenicity, as assessed by the 
Ames test, and carcinogenicity in 
vivo. S. Narender Sivaswamy et al. 
have detected (page 480) 
benzo[cflpyrene, chrysene and 
1,2,5,6-dibenzanthracene in several 
South Indian food items. These PAHs 
are mutagenic in the Ames test, and 
have been shown to cause cancers in 
experimental animals. The authors 
suggest that the PAHs present in the 
widely consumed food items tested 
may have a role in the incidence of 
gastric cancers in South India. 
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Inaction on a Himalayan scandal 

Panjah University should do more to resolve the Gupta controversy. There is more at stake in 


the issue than the reputation of an individual. 

It is now more than a year since the Gupta contro¬ 
versy erupted in the pages of the journals Nature and 
Science (see Current Science, 1990, 59, 13). V. J. 
Gupta of the Centre of Advanced Study in Geology, 
Panjab University, was accused of committing seri¬ 
ous fraud in two decades of work on Himalayan pal¬ 
aeontology. Surprisingly, no stratigrapher or palae¬ 
ontologist has come forward with an independent 
reading of the situation. This silence, amounting to 
indifference, is disconcerting. 

J. B. S. Haldane, the famous British scientist who 
chose to settle in India and spend his last days in this 
country, when questioned on the tardy progress of 
science in India, is reported to have said that this was 
because Indians were polite and had not developed a 
critical attitude in examining the work of colleagues. 
We wonder whether the lack of reaction to the seri¬ 
ous charges against Gupta could be attributed to such 
an attitude. The cause of science is best served 
through open discussion. Let it not be said that we 
are afraid of speaking the truth for fear of offending 
men. 

Gupta himself has so far failed to adduce clear evi¬ 
dences to disprove any of the charges-(i) recycling 
fossil finds, (ii) giving unreliable information as to 
localities, and (iii) plagiarizing. One of the more se¬ 
rious charges was that the fossil finds of Gupta were 
based on materials stolen from other laboratories or 
obtained from colleagues for teaching purposes. It 
should not have been difficult for Gupta to produce 
the originals of the recycled fossils with their regis¬ 
tration numbers, dates of collection and field descrip¬ 
tions, as entered in field notebooks and laboratory 
registers of different periods, to prove that his finds 
were genuine and not recycled as alleged. He has 
failed to do so, in spite of ample opportunities given. 
What is annoying is his way of confusing issues, so 
that neither himself nor anyone else can make head 
or tail of what he is talking about. 

We are left in the dark as to the full findings of the 
two-member investigating committee supposed to 
have gone into this question thoroughly. The full text 
of their findings has not been made public as yet, 
except for brief excerpts in a press note released by 
the Panjab University (see Current Science, 1990, 59, 


244). It is, however, apparent that the committee had 
not examined the collection carefully in the light of 
the charges of recycling and plagiarism levelled 
against Gupta. It was within their power to probe a 
little deeper and ascertain the genuineness of the fos¬ 
sils in his possession. Instead, they seem to have 
taken the easy way out by recommending a scientific 
expedition to be led by Gupta to a few selected loca¬ 
lities at the earliest in order to solve the dispute with 
regard to the authenticity of fossil occurrences and 
allegations of recycling. We fail to understand why 
Gupta should have been asked to lead the expedition. 
Besides, it is beyond our comprehension as to how 
allegations of recycling can be proved or disproved 
in the field. 

Panjab University should, without further loss of 
time, take action to appoint a commission of enquiry 
with clear-cut terms of reference. It cannot brush 
aside the criticisms made against its inaction so far 
as irresponsible. What is at stake is not just the repu¬ 
tation of an individual, but of the university as a 
whole. Any effort at playing down or covering up the 
episode will cause irreparable damage to Indian sci¬ 
ence. 

Whatever be the motive behind the wide publicity 
this controversy has received, it is clearly our respon¬ 
sibility to set our own house in order and maintain at 
all costs our fair name and a reputation for integrity. 
Mistakes are committed in every walk of life. The 
givatest mistake that we can make is to fail to learn 
from them and steer a clear course. 

What is necessary is prompt action. Dilatory tac¬ 
tics in these matters have the risk of keeping a deplo¬ 
rable episode alive, damaging the whole fabric of sci¬ 
ence. An early resolution of this controversy is essen¬ 
tial for the health of science in India in general and 
of Himalayan geology in particular. 

We had said earlier that Indian palaeontology was 
under a cloud. It would perhaps have been more cor¬ 
rect to say that it was under fire. Let us fervently 
hope that in this fiery ordeal all that is dross will get 
burnt to ashes, leaving only the pure metal behind. 

B. P. Radhakrishna 

Editor, Journal of the Geological Society of India 
(Article extracted with permission from the Journal.) 
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The quality of research in 
Current Science 

I read with interest ‘The quality of re¬ 
search in Current Science'Kits take- 
home message is that Current Science 
should not compromise quality in 
what it accepts for publication and 
that the journal should set itself high 
standards in this regard. One cannot 
agree more with the author in this 
conclusion. The problem, however, is 
how this goal can be achieved. 

We all recognize a good published 
paper. Into its making goes a substan¬ 
tial amount of disciplined thought- 
not only of the author but also of the 
reviewer and the editor. By corollary, 
a poor paper is deficient in these in¬ 
puts. While the credit for a good pa¬ 
per goes essentially to the author, the 
blame for a poor one rests principally 
with the editor and his reviewer, for 
they had the right to ask for improve¬ 
ment or to reject the paper. The merit 
of a journal is decided as much by its 
editor(s) and reviewers as by its con¬ 
tributors. Coaxing the authors to 
have pride in what they submit is 
therefore only half the story! 

If we often prefer to send our best 
papers to ‘standard’ journals over¬ 
seas it is because we value their thor¬ 
ough and often relentless reviewing. 
While doing so we hone our paper to 
the best of our ability, for is it not a 
challenge to see it through? In such 
an exercise, the spirit of an 
asvamedhayaga often prevails—‘who 
dares to rein in my paper from being 
published?’! This same spirit is, alas, 
lacking when we send a paper to a 
good Indian journal like Current Sci¬ 
ence. A chalta-hai attitude in the 
author is bolstered by his reviewer 
and eventually conceded to by the 
editor, leading to a downward spiral¬ 
ling of quality. It is precisely this 
trend that has to be reversed if Cur¬ 
rent Science is to serve as a dissemi¬ 
nator of quality Indian science. 

How can this be done? In two 
ways: First, attract the best research 
work being done in the country for 
publication in its pages, and second, 
sublimate the manuscript with spark¬ 
ling reviewing and editing. Obvi¬ 
ously our ablest scientists should 
send their most valuable contribu¬ 
tions to Current Science. It is here 
that the two science academies of the 


nation, the Indian Academy of Sci¬ 
ences and the Indian National Sci¬ 
ence Academy, can help in a positive 
way. Its elected fellows and members 
may be charged with sending their 
best papers to the journal. This will 
blaze a trail for others to follow. In 
this drive to attract the best papers. 
Current Science should weed out 
ruthlessly any marginal or substand¬ 
ard submissions. As this can only be 
done by top-notch refereeing by able 
scientists in the relevant areas. Cur¬ 
rent Science should have on its roster 
reviewers who have themselves con¬ 
tributed significantly to the advance¬ 
ment of science. Again the two acade¬ 
mies can provide help with their 
ready-made expertise—the fellows 
and members. The editor of Current 
Science should be able to draw on 
their help more as a right than as an 
obligation. 

A thought may cross the mind of 
those who are likely to be affected by 
this plan (a Kamaraj plan?) as to why 
they are being singled out. I believe 
they have a much more positive and 
visible role to play for Indian science 
than what they appear to do now. The 
stalwarts of Indian science earlier in 
the century have done all this and 
more, thus literally lifting our coun¬ 
try into the fold of scientific nations. 
But a soul-searching has now begun, 
and its theme is ‘whither Indian sci¬ 
ence?’ Can we justifiably say it is 
alive and well between the covers of 
journals published overseas? If so, 
why refurbish Current Science! Why 
react to the cry ‘Why Pramana!' ut¬ 
tered some time ago? A ‘sacrifice’ is 
called for by all—if it can indeed be 
called a sacrifice. And, as in the past, 
the members of the academies should 
lead, for who else know the way bet¬ 
ter. 

1. Curr. 5d., 1990, 59, 5. 

S. Mahadevan 

Department of Biochemistry 
Indian Institute of Science 
Bangalore 560 012 


In ‘A tasteless chemical mix’' Prof. 
Krishnan bemoans the fact that, while 
Current Science publishes a large 
number of original research papers in 
chemistry, the quality of the papers is 


poor; they are generally routine and 
uninteresting and not on ‘topics of 
current interest’. He says there are a 
large number of chemists in the coun¬ 
try publishing good papers and asks 
why Current Science is not consid¬ 
ered as a medium for publication of 
these papers. He advances some rea¬ 
sons for this predicament, but in my 
opinion he has missed the most im¬ 
portant point. 

I should first point out that this 
sorry situation applies not merely to 
Current Science but to all Indian sci¬ 
entific journals. The main reason ap¬ 
pears to be that most Indian chemists 
(and other scientists for that matter) 
prefer to send their research papers 
to foreign journals as a matter of 
prestige and in order to gain recogni¬ 
tion abroad. Their best papers get 
published there and it is generally the 
second-best papers that are often re¬ 
jected abroad or papers that the au¬ 
thors feel are not likely to find accep¬ 
tance in foreign journals that are 
communicated to Indian journals like 
Current Science. It is no surprise, 
therefore, that the standard of Indian 
journals is poor. 

The solution, in my view, is for 
eminent chemists like Prof. Krishnan 
to communicate their better papers on 
‘topics of current interest’ to Current 
Science and other Indian journals. 
Once they give the lead, other chem¬ 
ists will surely follow. With good 
papers coming in, refereeing stan¬ 
dards will automatically improve and 
so also the quality of the journal. 

1. Curr. Sci., 1990, 59, 187. 

H. Manohar 

Department of Inorganic and 
Physical Chemistry 
Indian Institute of Science 
Bangalore 560 012 


Indian editions of 
foreign journals 

The so-called developed countries 
know their games very well. We get 
a supercomputer when it is obsolete. 
A technology is transferred to us at 
exorbitant cost when it is clear to 
them (and not to us) that the techno¬ 
logy would be useless in a few years 
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in their countries. Now that they as¬ 
sess (in my opinion) that their scien¬ 
tific publications are likely to lose 
the market in their own countries 
soon, they would like to find a market 
in countries like India. Apart from 
serving their business interest, such 
moves also scuttle indigenous devel¬ 
opments. 

Today, India publishes about 1500 
S&T periodicals, of which at least 
200 may be considered scholarly. 
Most of these journals are available 
at a ‘throwaway’ price, even by In¬ 
dian standards. How many libraries 
in India subscribe to a significant 
number of these Journals? UGC has 
been expressing concern at the plight 
of university libraries that have not 
been able to subscribe to even a hand¬ 
ful of journals for wan^ of funds. 
Subscription to all the Indian S&T 
journals costs less than Rs. 0.4 mil¬ 
lion per annum. Even if a small part 
of the money that would be spent in 
publishing foreign periodicals in In¬ 
dia is allocated to university libraries 
to pay for their subscription to Indian 
S&T journals, the very character of 
our universities will change. What an 
electrifying effect a periodicals sec¬ 
tion that displays about 500-700 is¬ 
sues has on young minds! 


For a change let us stop looking 
up to our big brothers in the West and 
start concentrating on our own talents 
and resources in the country. 

T. ViSWANATHAN 

Indian National Scientific 
Documentation Centre 
14 Sat sang Vihar Marg 
New Delhi 110 067 


Historical notes 

The historical note^ on John Henry 
Pratt and the theory of isostasy makes 
absorbing reading, especially in this, 
the bicentennial, year of George Ev¬ 
erest’s birth. 

The Great Trigonometrical Survey 
of India (officially designated Great 
in 1818) was a monumental work and 
provided matchless, highly accurate, 
uniform data over a large land mass. 
As an early historian of Indian sur¬ 
veys, Clements R. Markham, FRS, 
wrote^ in 1878, ‘The story of the 
Great Trigonometrical Survey, when 
fitly told, will form one of the proud¬ 
est pages in the history of English 


domination in the East.’ Identifica¬ 
tion of the highest Himalayan peak 
and the discovery by Pratt are befit¬ 
ting outcomes of this survey. 

I would like to make a suggestion 
regarding the articles under ‘Histori¬ 
cal notes’. It will immensely enhance 
their value if they are accompanied 
by references to important primary 
and secondary sources. A general 
reader will still find them interesting, 
while a more serious reader will be 
able to delve deeper into the subject. 

1. Radhakrishna, B. P., Curr. Sci., 1990, 
59, 333. 

2. Markham, C. R., A Memoir of Indian 
Surveys, 2nd edn, London, 1878. 

R. K. Kochhar 

Indian Institute of Astrophysics 
Sarjapur Road, Koramangala 
Bangalore 560 034. 

There is an error in line 16 of column 
2 of the article 'Archdeacon Pratt 
and the theory of isostasy' by B. P. 
RadhakrisKha in Current Science, 59, 
333. The year of publication of 
Pratt's papers in Philos. Trans. R. 
Soc. London is 1855, and not 1985 as 
printed. 

- Ed. 
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NASA’s eye in the sky promises exciting discoveries 


On 28 April an extraordinary news 
conference was in progress at the US 
National Aeronautics and Space Ad¬ 
ministration (NASA) in Houston. 
Five crew members of space shuttle 
Discovery, on a mission code-named 
STC-31, were describing from space, 
their adventure of deploying NASA’s 
heaviest payload ever, the Hubble 
Space Telescope (HST). The space 
telescope is now in earth orbit and it 
will be a few weeks before its instru¬ 
ments are checked and it is readied 
for actual observation. 

HST is named after the great as¬ 
tronomer Edwin Hubble, who pro¬ 
pounded the theory of an expanding 
universe. The idea of a space tele¬ 
scope dates back to 1926, when Her¬ 
mann Oberth, a German rocket pio¬ 
neer, pointed out the advantages of 
astronomical observation from space. 
The foundation of HST was laid in 
the work of Lyman Spitzer, Jr, in 
1946. As the project grew, the Space 
Telescope Science Institute was es¬ 
tablished to design and operate the 
space telescope. 

With its 2.4-metre mirror HST is 
not very big compared to many 
ground-based telescopes. It has only 
one-sixth the collecting area of the 
6-metre Soviet Bol’Shoi Teleskop 
and one-fourth the collecting area of 
the 5-metre Hale telescope on Mount 
Palomar. But due to its location 611 
km out in space, much above the 
earth’s atmosphere, it offers many 
advantages. Ground-based telescopes 
cannot produce images with a resolu¬ 
tion better than one second of arc 
(arcsecond) owing to the perturbing 
effect of the turbulent atmosphere. 
The HST, above the atmosphere, can 
produce images limited in resolution 
only by diffraction effects. Its mirror 
is expected to produce images with a 
full width at half the maximum inten¬ 
sity equal to 0.08 arcsecond at 632.8 
nm. This is the wavelength of the 
helium ~ neon laser light used to test 
the accuracy of the mirror’s surface, 
HST will be able to observe over a 
wide range of the electromagnetic 
spectrum from ultraviolet (IISOA) 
through infrared (11,000 A). An 
earth-based telescope simply cannot 
achieve this as the earth’s atmos¬ 
phere only transmits radiation in the 
radio and visible regions and absorbs 


the rest. Background light makes it 
difficult to get good observing sites 
on earth. The orbital sky provides a 
black sky with very little or practi¬ 
cally no scattered light at all. This, 
along with the HST’s ability to pro¬ 
duce sharp images, makes it capable 
of detecting stars even 30 times 
fainter than those that can be seen by 
the 5-metre Hale telescope. 

To exploit the advantages of 
space-based astronomy, the team that 
put together HST turned to many new 
developments. The design of stable 
support systems to hold the telescope 
precisely in the pointed direction dur¬ 
ing observation was a great chal¬ 
lenge. At present, HST is expected to 
have a pointing accuracy of 0.01 
arcsecond with a pointing jitter of 
around 0.007 arcsecond. HST also 
has a powerful astrometric capability 
and can measure positions of stars 
with an accuracy of 0.003 arcsecond. 

The orbiting telescope carries five 
major instruments in the focal plane 
of the telescope’s mirror: faint-object 
camera, faint-object spectrograph, 
Goddard high-resolution spectro¬ 
graph, wide-field and planetary cam¬ 
era, and high-speed photometer. 
These detect, record and measure the 
focused radiation. 

The faint-object camera intensi¬ 
fies incoming light from faint stars 
by 100,000 times. This enables re¬ 
cording of each individual photon 
collected by the telescope. The cam¬ 
era gives more than 25,000 picture 
elements (pixels) in a field of view 
11 arcseconds wide and 22 
arcseconds long and can detect stars 
that are 6 x 10^ times weaker than the 
faintest capable of being seen by the 
naked eye from earth. The two spec¬ 
trographs complement each other in 
their capabilities. While the Goddard 
high-resolution spectrograph incor¬ 
porates high resolution the other has 
a wider bandwidth and hence higher 
sensitivity. The Goddard high-resolu¬ 
tion spectrograph can resolve fea¬ 
tures in spectra lines as narrow as 
one-hundred-thousandth of a wave¬ 
length in the ultraviolet region. This 
is very close to the intrinsic width of 
interstellar absorption lines. The 
wide-field camera has a field of view 
of 154 inches x 154 inches and a 
light-detecting array of eight charge- 


coupled device elements. Each pixel 
is 15 microns wide and is arranged in 
an 800 x 800 format. The high-speed 
photometer has an array of 23 filters 
covering the spectral region 1200- 
7000 A. It can detect very rapid 
brightness changes in stellar objects. 

Three important astrophysical 
programmes are earmarked for 
HST’s first year in orbit. They are: to 
calibrate the cosmic distance scale 
and, in particular, obtain a precise 
value of the Hubble constant; to sur¬ 
vey a few random locations in the 
sky; and to study high-red-shift qua¬ 
sars. Among the many proposals, 
from observatories and laboratories 
worldwide, approved for the first 
phase of HST’s operation is one from 
the Tata Institute of Fundamental 
Research (TIFR), Bombay. It con¬ 
cerns the detection of the so-called 
cyclotron emission in the ultraviolet 
frequency range from a specific star 
that is known to be an X-ray source. 

Even with the successful launch 
and the expected bright future, there 
are many controversies. Many are 
unhappy about the long time that 
elapsed between the start of the proj¬ 
ect and the launch. This has resulted 
in a telescope for 1990 with many 
designs frozen in 1970-72. Another 
controversy is the choice of a low 
orbit compared to that of the Interna¬ 
tional Ultraviolet Explorer (lUE) 
launched in 1978. Earth obscures 
only 2% of the sky as seen by lUE but 
a very large fraction as seen by HST, 
Escalation of cost from the expected 
$ 400 million to roughly $ 2 billion 
has brought in a spate of criticisms. 
Periodic space shuttle missions are 
expected to service and upgrade 
HST’s instruments and keep the tele¬ 
scope alive for more than 15 years. 
But, many scientists feel that they 
could get a lot more science for the 
money in the future if NASA just for¬ 
got about the servicing. 

It is hoped that HST will uncover 
many new phenomena not yet imag¬ 
ined. If it does, it will not merely add 
to the present ideas of the universe 
but profoundly modify basic con¬ 
cepts. This was what Spitzer wrote 
way back in 1946. Soon, HST may 
fulfill this promise. 

Udaya Shankar, Raman Research 
Institute, Bangalore. 
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The Indian space research scenario 


The first phase of the mesosphere, 
stratosphere and troposphere (MST) 
radar at Gadanki near Pakala in 
Andhra Pradesh will be completed by 
September this year, according to 
U. R. Rao, Chairman of the Indian 
Space Research Organization (ISRO). 
This radar, the second most powerful 
in the world, is expected to monitor 
and help minimize atmospheric pollu¬ 
tion. Rao said that the Indian remote¬ 


sensing satellite IB (IRS-IB), the 
second in the series of remote-sens¬ 
ing satellites, is expected to be 
launched in June next year from the 
Soviet Union. IRS-1C and IRS-ID are 
to be launched in 1993 and 1995 re¬ 
spectively. Preparations for the polar 
satellite launch vehicle (PSLV) test 
launch are complete and the design 
for the geosynchronous satellite 
launch vehicle (GSLV) has been fina¬ 


lized. Rao attributed the failure of the 
test launch of the augmented satellite 
launch vehicle (ASLV) from Sri- 
harikota to certain inadequacies in 
the control systems. These have since 
been rectified. He also said that, after 
the launch of INSAT-ID from the 
United States, ISRO would not open 
new foreign collaborations for satel¬ 
lite launching and future satellites 
would be launched from India. 


RESEARCH NEWS 


Nepotistic bee-eaters 

Raghavendra Gadagkar and Arun B. Venkataraman 


Darwin’s theory of natural selection 
which is often described rather dra¬ 
matically as ‘survival of the fittest’ 
expects animals to behave in a selfish 
manner towards all other individuals 
except their own offspring. There are 
however several tantalizing examples 
of behaviours among animals that 
may be termed altruistic —the most 
striking of these are several instances 
of ‘helpers’ among insects, birds and 
mammals that temporarily or perma¬ 
nently forego their own reproduction 
and help other members of their spe¬ 
cies reproduce. The most important 
conceptual advance in our attempt to 
explain such ‘paradoxical’ behaviour 
came in 1964 with Hamilton’s theory 
of kin selection or inclusive fitness^ 
The central idea of this theory is that 
fitness comes not only from rearing 
one’s own offspring but may also 
come from caring for one’s genetic 
relatives. In other words, altruistic 
behaviour is not paradoxical if it is 
also nepotistic, i.e. directed preferen¬ 
tially towards genetic relatives. 

Although the relevant mathe¬ 
matics of computing fitness by in¬ 
cluding an individual’s contribution 
to the survival and reproduction of 
relatives was rapidly perfected, the 
theory of kin selection (which claims 
that animals maximize their inclusive 
fitness), like the theory of natural se¬ 
lection itself is not easy to falsify. 
This difficulty is best illustrated by 
the variety of hypotheses that have 


been put forward to explain the evo¬ 
lution of helping behaviour in birds. 
In many species of birds such as the 
Florida scrub jay {Aphelocoma coer- 
ulescensy, the Galapagos mocking 
bird {Nesomimus parvulusY, the 
jungle babbler {Turdoides striatusY, 
the acorn woodpecker {Melanerpes 
formicivorusY, the Pied Kingfisher 
(Ceryle rudisY, the splendid wren 
{Malurus splendensY and the white- 
fronted bee-eater (Merops hullockoi- 
desf, some individuals postpone 
breeding and help other breeding 
pairs of their species in the often dif¬ 
ficult task of rearing chicks. Typi¬ 
cally, helpers contribute to feeding 
the chicks, feeding the parents as 
well as guarding the nest. The obvi¬ 
ous question is why should helpers 
help? Studies of many species with 
such helpers have shown that the 
strategy of postponing reproduction 
and acting as a helper can have pro¬ 
found consequences both for the 
helpers and for those that are helped. 
The phenomenon of helpers in birds 
thus provides a convenient arena to 
test the theory of kin selection. The 
theory of kin selection may be con¬ 
sidered validated if it can be demon¬ 
strated that helpers help only because 
they gain fitness through the indirect 
effect of their help to their genetic 
relatives and not because helping 
somehow also enhances their own 
personal probabilities of survival and 
reproduction. 


This is just the kind of proof of 
the theory of kin selection that Emlen 
and Wrege^ provide in a recent paper 
on the white-fronted bee-eater. Em¬ 
len and Wrege sexed (by laparotomy, 
because the sexes cannot be identi¬ 
fied externally), individually marked 
(with leg bands and coloured patagial 
tags) and intensively observed a large 
population of white-fronted bee-eat¬ 
ers for five years in Lake Nakuru in 
Kenya. During these studies, they 
found that the white-fronted bee- 
eater which is a close relative of our 
very common small green bee-eater 
{Merops orientalis), lives in ex¬ 
tended family units or clans and that 
in each breeding season numerous 
clans aggregate to form large colo¬ 
nies of about 200 birds each. About 
50% of all nests have at least one 
non-breeding helper that participates 
in excavating and defending the nest, 
feeding the breeding female before 
she lays eggs, incubating the eggs 
and feeding the nestlings and 
fledglings. Every year, Emlen and 
Wrege painstakingly recorded, for 
every nest, the number of helpers, the 
identity of the breeders and that of 
the helpers, the clutch size, hatching 
success and fledgling success. In 
addition, they have been able to de¬ 
termine the genetic relatedness be¬ 
tween the helpers and the helped. 

With such data, Emlen and Wrege 
have been able to test nine different 
hypotheses that have been proposed 
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for how helpers might benefit from 
helping. These hypotheses may be 
broadly classified into four classes: 
(i) helpers have a better chance of 
survival if they associate themselves 
with a nest, (ii) by helping, helpers 
increase their probability of becom¬ 
ing breeders in the future, (iii) help¬ 
ers are more successful at breeding if 
they have had past experience as 
helpers, and (iv) helpers gain fitness 
indirectly through helping genetic 
relatives. Notice that the first three 
classes of hypotheses depend on di¬ 
rect benefit to helpers and evidence 
in support of any of these would not 
permit us to accept the theory of kin 
selection. Emlen and Wrege find no 
evidence that an individual increases 
the chances of its survival by being a 
helper nor do they find that helpers 
are more likely to become breeders in 
the future. If they do become breed¬ 
ers, they are not significantly more 
successful than those without prior 
experience as helpers. However, 
helpers significantly increase sur¬ 
vival of the nestlings and help only 
when they are rather closely related 
to the nestlings^. In other words, 
there is clear evidence against the 
first three classes of hypotheses and 
equally clear evidence in favour of 
the fourth class of hypotheses. Using 
a ‘kin index’ developed by Vehren- 
camp^°, they show that helping be¬ 
haviour in the white-fronted bee- 


eater is entirely altruistic in that the 
fitness gained by a helper is exclu¬ 
sively due to the indirect effect of 
helping close relatives. Taken to¬ 
gether, the results of this study pro¬ 
vide compelling evidence for the role 
of kin selection in shaping animal 
behaviour. 

When Hamilton first developed 
the ideas of inclusive fitness and kin 
selection, it appeared that if there is 
one group of animals where his ideas 
will definitely work, it is the honey¬ 
bee and its relatives in the insect or¬ 
der Hymenoptera. In social insects 
such as ants, bees and wasps (all be¬ 
long to the order Hymenoptera), there 
is a curious genetic system known as 
haplodiploidy which potentially 
makes some genetic relatives even 
more closely related than offspring 
so that it should be ‘easier’ to gain 
fitness through aiding relatives than 
it is by rearing offspring. Although 
kin selection may still be a signifi¬ 
cant factor, it appears that haplodi¬ 
ploidy, which makes kin selection 
especially plausible, may not hold the 
key to the evolution of sociality in 
the Hymenoptera after all”. But Em¬ 
len and Wrege’s study on white- 
fronted bee-eaters comes as good 
news for kin selectionists—if not the 
bees then at least the bee-eaters! 

Note, Terms such as ‘altruism’, ‘nepotism’, 
etc are routinely used in studies of animal 


behaviour and evolutionary biology merely 
for the sake of convenience. However, they 
are objectively defined in terms of the conse¬ 
quences for the biological fitness of the ac¬ 
tors and recipients of behavioural acts and 
should by no means be construed as having 
any moral connotation that is inevitable 
when the same terms are used in the human 
context. 
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Food science and technology at the 
Defence Food Research Laboratory 

K. S. Jayaraman and R. Sankaran 


About 30 years ago a number of labo¬ 
ratories under the Defence Research 
and Development Organization were 
set up to cater to the specialized 
needs of the Defence Forces. Among 
them was the Defence Food Research 
Laboratory (DFRL) established at 
Mysore in 1961. From a very small 
beginning, this laboratory has now 
grown into a well-equipped research 
centre that looks after problems relat¬ 


ing to operational as well as peace¬ 
time Service rations. 

The Armed Forces in India con¬ 
sume on an average annually about 
0.4 million tonnes of dry supplies 
consisting of grains, pulses and ani¬ 
mal food, 13,000 tonnes of processed 
and other foods, and 0.2 million ton¬ 
nes of fresh items including fruits, 
vegetables and meat. Feeding them is 
thus a major task that requires appre¬ 


ciation of the problems involved in 
procurement, transportation and stor¬ 
age of food to ensure that the items 
reach the troops in palatable condi¬ 
tion and that the men are provided 
with diets commensurate with their 
physical fitness under a variety of 
climatic conditions. In the early six¬ 
ties topics like the development of a 
compo pack and of survival rations 
used to be very prominent areas of 


Some traditional Indian foods processed and preserved in ready-to-eat or instant form 


Item 

Moisture 

content 

(%) 

Method of 
processing/ 
preservation 

Mode of 
rehydration 

Rehydration 

time 

(min) 

Shelf-life 

(months) 

1. Ready-to-eat 






Kheer, idli, avial, upma, 
peas-paneer, whole meal 

o 

CO 

1 

Q 

CD 

Thermal processing in cans 

Only warming 

Nil 

6 -12 

Pulav, halwa, alu-cholay, 
rajma, stuffed parothas 

35-70 

Thermal processing in cans 
and retort pouches 

Only warming 

Nil 

6 -12 

Chapati 

25 -30 

Chemical preservation 
using sorbic acid and 
in-pack pasteurization 

Only warming 

Nil 

6 

Fruit bars - mango, banana, 
pineapple, etc. 

10-15 

Hot-air drying 

None 

Nil 

6 -12 

Fruit slices - mango, banana, 
pineapple, etc. 

25 -30 

Intermediate-moisture 
food technology 

None 

Nil 

6 

Sweet meats -- chikki, modaka,4 -12 
holige, cashew and 
coconut burfi 

Conventional with 
chemical preservation using 
sorbic acid where necessary 

None 

Nil 

6 

Compressed cereal bars - 
sweet and savoury 

3 -5 

Deep-fat frying and 
compression 

None 

Nil 

12 

II. Instant/qufck-cooking 






Dehydrated curried dais and 
vegetables, khichdi, pulav, 
sambar, avial, upma 
and halwa mix 

4 -8 

Hot-air drying, deep-fat 
frying and roasting 

Simmering In 

1.5 - 3.5-times 
boiling water 

5 -10 

12 

Dehydrated omelette and 
scrambled egg mix 

3 -4 

Spray drying 

Soaking in 2.5-times 
water and frying 

10 

12 

Fruit juice powders - 
mango, pineapple, grape 

1 -1.5 

Freeze drying 

Mixing with 5-times 
cold water 

<1 

12 

Curd powder 

3 

Spray drying 

Blending with 2.5- 
3-times cold water 

<1 

6 

Fruit-flavoured milk//ass/ 
beverage mixes 

2 -3 

Spray drying 

Blending with 4-5-times 
cold water 

<1 

6 
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R&D work. During the last two dec¬ 
ades the shift has been towards con¬ 
venience foods, lighter packaging 
materials, nutrition under stress, and 
quality assurance. 

Product/process development 

DFRL has developed a number of new 
processing methods and products that 
suit the Indian palate. This involves 
identifying the qualitative require¬ 
ments of users, modifying the prod¬ 
ucts to suit changing requirements, 
developing new processing methods 
if necessary, conducting storage stud¬ 
ies to assess the useful life of the 
products, carrying out field trials to 
test their behaviour and acceptabil¬ 
ity, evolving quality-control meas¬ 
ures and laying down standards, and 
finally locating trade sources of sup¬ 
ply from whom the users can obtain 
their requirements. 

From the point of view of Services 
personnel, the most essential require¬ 
ment of a processed food, apart from 
compactness, light weight, long 
shelf-life and compatibility with the 
dietary habits of the personnel, is that 
it should be in a ready-to-eat form or 
require only simple reconstitution in 
water at ambient or higher tempera¬ 
ture in the shortest time. To achieve 
this, three major techniques have 
been employed. These are chemical 
preservation along with control of 
water activity, dehydration, and ther¬ 
mostabilization. 


Preserved chapatis and bread 

More than 80% of the wheat produced 
in the country is consumed in the 
form of chapatis. It also forms a 
staple ration itenri of the Indian 
Armed Forces. Chapatis preserved in 
ready-to-eat form are therefore an 
important requirement, particularly 
in areas where facilities for cooking 
are limited or non-existent. DFRL 
has pioneered development of tech¬ 
nology for both short-term (10-14 
days) and long-term (6 months) pre¬ 
servation of chapatis by incorpora¬ 
tion of sorbic acid. Short-term pre¬ 
servation, which involves the use of a 
preservative mixture containing sor¬ 
bic acid and citric acid and packaging 
in polyethylene pouches, is easily 


adoptable in any Army kitchen, and 
has made it possible for troops to 
carry chapatis on patrol duties. The 
product has also been improved in 
texture, flavour and acceptability by 
incorporating fat, milk powder, oleo- 
resins of cumin and cardamom, po¬ 
tato flour, etc- 

Bread is an important component 
of the daily menu of naval personnel. 
It has a very limited shelf-life of 2 
days under ambient conditions. A 
fungistatic wrapper containing sorbic 
acid used with an overwrap of paper- 
polyethylene laminate was found to 
preserve oven-fresh bread for 7-10 
days for use on board submarines and 
ships. DFRL has been regularly sup¬ 
plying wrappers to the Navy. 

Quick-cooking/instant dehydrated 
foods 

The traditional Indian diet has three 
important components, viz. rice, 
pulses and vegetables, and sometimes 
some meat. All these require pro¬ 
longed cooking, especially at high 
altitudes, and therefore cannot find a 
place in ration packs. Further, vege¬ 
tables and meat are bulky and heavy, 
and have a very short shelf-life owing 
to their high moisture content. DFRL 
has developed precooked dehydrated 
foods with short reconstitution time 
and long storage life. These can be 
rehydrated and used, or employed in 
making traditional convenience foods 
like pulav, vegetable curry mixes, 
avial mix, curried dais, etc. 

Conventional dehydration by hot¬ 
air-cabinet drying at 60-7O^C re¬ 
quires considerable time to bring the 
moisture level in the product down to 
5-6%, and adversely affects colour, 
texture, ^ flavour and reconstitution. A 
high-temperature, short-time pneu¬ 
matic drying technique has been de¬ 
veloped for rice, pulses and vege¬ 
tables, which gives significant reduc¬ 
tion in drying and rehydration times 
and improvements in product quality. 
For certain vegetables not amenable 
to this technique, predrying treat¬ 
ments with simple, inexpensive addi¬ 
tives like common salt and cane sugar 
were found to bring about improve¬ 
ments in colour, texture, rehydration 
and shelf-life. 

A process based on cooking, flak¬ 
ing, conditioning and drying has been 



Conventional hot-air-dried {left) and high- 
temperature, short-time pneumatic-dried 
potato dice [right). HTST drying of many 
vegetables and pulses significantly re¬ 
duces drying and rehydration time. 


developed to prepare instant dais 
which can be reconstituted within one 
minute. Freeze-drying, earlier used 
only for expensive pharmaceutical 
products, has been successfully util¬ 
ized for drying a number of piece- 
form foods. Freeze-dried fruit-juice 
powders are superior in acceptability, 
convenience of use, and overall qual¬ 
ity. 


Intermediate-moisture foods 

In - contrast to low-moisture dehy¬ 
drated foods (moisture content below 
5%), which require rehydration, a 
new class of foods called intermedi¬ 
ate-moisture foods (IMF) have 
emerged in recent times which need 
no preparation prior to consumption. 
They are characterized by a water ac¬ 
tivity low enough to prevent growth 
of yeasts and moulds. This is usually 
achieved by addition of an osmoti- 
cally active solute such as glycerol, 
sucrose, glucose or salt and an an¬ 
timycotic such as propylene glycol 
and/or sorbic acid. IMF are soft and 
moist enough to be eaten as such and 
yet keep for a long time without refri¬ 
geration or thermal processing. The 
method has been used in DFRL to 
develop, for the Services, ready-to- 
eat products from a variety of fruits 
in place of the heavy and bulky 
tinned fruit. The process is simple, 
requires low energy, and can be 
adopted by small-scale industry. 


Thermostabilized foods 

Tinned foods. The Armed Forces are 
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the single largest buyer and consumer 
of tinned foods in India. As the indi¬ 
genous canning industry supplied 
canned foods that were generally of 
the kind that suited Western tastes, 
DFRL standardized process parame¬ 
ters for canning a number of tradi¬ 
tional Indian dishes for specific use 
by the Services. In addition, the in¬ 
creasing cost of imported tin plate 
and its decreasing availability led to 
development of alternative processes 
and packaging that use indigenously 
available packaging materials for the 
purpose. One outcome of this are the 
‘retort-pouched foods’. 

Retort-pouched foods. Easy availabil¬ 
ity of packaging materials of choice 
and advanced laminating techniques 
have resulted in successful commer¬ 
cial application of flexible packs for 
retort processing in developed coun¬ 
tries. Retort pouches have several 
advantages over the conventional 
open top seam (OTS) cans: they re¬ 
quire shorter processing time, which 
is energy-saving and reduces thermal 
damage, resulting in better retention 
of flavour, colour and texture of the 
foods; they are lighter, less bulky, 
and require less storage space; and 
they are easily disposable. 

DFRL has pioneered standardiza¬ 
tion of processing techniques using 
indigenously available polypropylene 
for in-pack sterilization of several 
ready-to-eat traditional Indian 
dishes. This has opened up a new 
field. 

Aluminium cans. Aluminium contain¬ 
ers are lighter than tin containers; 
they do not rust, are of low toxicity, 
can be easily opened by hand, and can 
be recycled. However, all over the 
world, use of aluminium containers 
has been mainly in the beverage and 
soft-drink industry, and their use in 
food canning, which requires pres¬ 
sure processing, has been very lim¬ 
ited for want of suitable alloys and 
the special processing equipment 
needed to ensure gentle handling and 
minimal thermal stress during heat¬ 
ing and cooling. 

India possesses 80% of the world’s 
bauxite reserves, and although pres¬ 
ent production of aluminium is only 
1.5% of total world consumption, the 
country has the potential to become 
one of the world’s major aluminium 
producers. 

No R&D effort has been made in 


the country towards the use of alu¬ 
minium containers instead of tin con¬ 
tainers for canning Indian foods. 

Use of aluminium in packaging is 
presently confined to foils, lami¬ 
nates, collapsible tubes, bottles for 
perfumes and pesticides, and, to a 
limited extent, cans for beverages. 
Preliminary pack tests with a few 
foods carried out by DFRL using cans 
fabricated in collaboration with In¬ 
dian Aluminium Company and a few 
leading can manufacturers have given 
encouraging results. In collaboration 
with the Defence Metallurgical Re¬ 
search Laboratory (DMRL), Hydera¬ 
bad, suitable alloys for containers 
and lids are being developed and 
tested. Introduction of the aluminium 
can for foods can be expected in the 
next two or three years. 

Rations to meet specific operational 
needs 

Emergency ration for the Army. Many 
Army operations require the carrying 
of compact, light-weight, ready-to- 
eat concentrated foods of high calorie 
content. Such compressed, dehy¬ 
drated foods, which require no prepa¬ 
ration, have inherent advantages in 
that compacting gives extended 
shelf-life and reduction in bulk and 
consequently economy in transporta¬ 
tion, storage space and packaging 
material, 

DFRL has developed several sa¬ 
voury and sweet compressed, ready- 



Egg melange being dried using a labora¬ 
tory-model spray drier. Spray drying is most 
economical tor-continuous drying of several 
liquid foods and for microencapsulation of 
flavours. 


to-eat cereal bars using deep-fat-fried 
ingredients. These have a shelf-life 
of more than one year under ambient 
conditions in flexible packaging. 
Troop trials have shown that ^he bars 
are acceptable as individual ration 
for subsistence during emergency. A 
compo ration survival pack contain¬ 
ing the compressed bar has also been 
formulated. 

Survival ration for the Navy. Any sur¬ 
vival/emergency ration meant for use 
by ship-wrecked sailors at sea should 
be such as to spare body water to the 
maximum. The principal requirement 
under such situations is for drinking 
water, which cannot be obtained from 
sea water and has to be supplied 
along with the ration; food is only to 
prevent the physical deterioration 
consequent upon total fasting and to 
sustain the morale of the survivor. 
Survival performance has been shown 
to be better on a bw-fat and low-pro¬ 
tein ration, and most countries favour 
an all-carbohydrate ration. DFRL de¬ 
veloped a survival ration in the form 
of a soft fudge-type cocoa-flavoured 
confection, which contains less than 
1%) each of protein and fat, consists 
mainly of carbohydrate, and has a 
shelf-life of more than three years in 
flexible packaging. Limited trials by 
the Navy under near-survival condi¬ 
tions have shown the superiority of 
the ration to the existing one of 
boiled sweets and milk toffees. 

Compo ration. A one-man compo ra¬ 
tion based on quick-cooking, pre¬ 
cooked dehydrated convenience 
mixes has been developed to replace 
the five-man compo ration used by 
the Army as patrol ration since the 
latter failed to meet logistic require¬ 
ments. The new compo ration has 
been put into production and exten¬ 
sive trials under operational condi¬ 
tions have shown its acceptability 
and worthiness. 


Preservation and storage of 
foods, packaging 

Very little information is available 
on factors that influence flavour and 
texture of Indian foods. Flavour often 
deteriorates in processed foods long 
before their nutritive and other func¬ 
tional properties are lost, and this is 
one of the limiting factors in the 
shelf-life of processed foods. 
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DFRL has conducted extensive 
basic studies to identify volatile and 
non-volatile products in stored dehy¬ 
drated vegetables like carrot and on¬ 
ion, and to identify the role of lipids, 
water activity, additives and pretreat¬ 
ments in colour, flavour and texture 
retention. Chemical and nutritive 
changes during storage in dry rations 
like pulses, rice and milled products 
have also been studied. In dry fruits, 
good correlation has been established 
between organoleptic quality and for¬ 
mation of malonaldehyde during stor¬ 
age. Factors that affect flavour and 
texture of chapatis during prepara¬ 
tion and storage were studied and 
suitable preventive treatments de¬ 
vised. 

Storage of bagged commodities 
like sugar in naval depots, and of 
rice, pulses, atta and other cereal 
products in Army Service Corps de¬ 
pots in coastal and northeastern re¬ 
gions, where high humidity prevails, 
is a major problem. With absorption 
of moisture, sugar tends to become 
sticky, lumpy and syrupy, while the 
other commodities are subject to fun¬ 
gal attack and infestation. After ex¬ 
tensive trials DFRL has developed 
suitable simple stack encapsulation 
methods using polyethylene tents. 
These have proved very effective in 
checking ingress of moisture in 
bagged sugar. TJie efficacy and suita¬ 
bility of the method for the other 
commodities are under test. 

While processed fruits and vege¬ 
tables are the main component of 
operational rations, a variety of fresh 
fruits and vegetables form part of 
daily supplies in normal Service 
rations. In the Navy, large quantities 
of fresh fruits and vegetables have to 
be stored on board ships and subma¬ 
rines in the limited storage facilities 
available. Under such conditions de¬ 
terioration due to overripening or 
senescence poses a serious problem. 
It is known that ethylene, which acts 
as a plant hormone, is generated in 
varying amounts by most fruits and 
vegetables and plays a significant 
role in regulating ripening. Gradual 
removal of ethylene from the storage 
atmosphere using ethylene absorb¬ 
ents is known to extend the shelf-life 
of fresh fruits and vegetables in both 
cold and ambient storage. This 
method is used in some developed 
countries. Ethylene absorbents are 


presently not manufactured in India 
and have to be imported at high cost. 
DFRL has carried out extensive trials 
in the laboratory and on board naval 
ships to evaluate the efficacy and 
utility of an ethylene-absorbing for¬ 
mulation containing potassium per¬ 
manganate. A suitable indigenous 
formulation that has been developed 
is cheaper and effective, and is pre¬ 
sently under evaluation by the Navy. 
A similar formulation suitable for use 
by the Army is also being developed. 

Several processed convenience 
foods developed in DFRL showed 
high microbial loads during large- 
scale production. Permissible doses 
of gamma radiation were effective in 
increasing the shelf-life of the foods. 
Irradiation ensures safety without af¬ 
fecting organoleptic quality. Prod¬ 
ucts tested included wheat flour, 
chapatis, spices and convenience 
foods like pulav, khichdi, kachodi, 
curried dais, etc. The scope for the 
application of the technique in pre¬ 
vention of sprouting in potatoes and 
onions, which form part of Service 
supplies, is also being studied. 

The functional requirements of 
packaging materials used for Defence 
food packaging applications are more 
stringent than those for the civilian 
market as the packages have to with¬ 
stand extreme climates and adverse 
storage, transportation and handling 
conditions. The escalating cost of 
conventional cans and bottles and 
transportation costs have necessitated 
the use of flexible plastic materials 
wherever possible. DFRL has contrib¬ 
uted significantly to evolving stan¬ 
dards for indigenously * available 
packaging materials, utilization of 
available packaging materials for 
Service rations, and development of 
new types of packaging for specific 
purposes in collaboration with indus¬ 
try. 

Nutritional and toxicological 
studies, microbiological 
standards 

Biochemical and animal experiments 
have been done to asses the nutri¬ 
tional requirements of Services per¬ 
sonnel under various combat situ¬ 
ations and the adequacy of the rations 
supplied to them. Studies have been 
conducted to evaluate the influence 


of dietary protein and other factors 
required to overcome or to acclima¬ 
tize to such stress conditions as high 
altitude, injury, low caloric intake, 
etc. For example, in rats under the 
stress of an inflicted injury, wound 
healing was shown to be accelerated 
by administration of glutamic acid, 
which is not normally considered to 
be an essential amino acid. 

Long-term feeding experiments 
showed no impairment of longevity, 
growth rate, food efficiency ratio, 
etc. in rats fed chapatis preserved 



Microbiological analysis of processed food 
samples—food safety and quality assur¬ 
ance. 


with sorbic acid. Histopathological 
examination also proved the safety of 
sorbic acid-preserved chapatis. 
DFRL is also studying the toxic ef¬ 
fect of plasticizers such as the phtha- 
lates used as additives in flexible 
packaging materials like PVC bags, 
in which sterile potable water is 
packed as part of Air Force survival 
packs. 

New methods of processing and 
packaging must be supported by 
knowledge of the behaviour of resi¬ 
dual microflora during processing 
and storage, which will help lay down 
standards and ensure safety of con¬ 
sumption. In DFRL, the microbio¬ 
logical quality of several processed 
foods has been assessed, standards 
laid down, and processing stages vul¬ 
nerable to contamination have been 
pinpointed. 

Besides working out standards for 
ideal slaughterhouse practices and 
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conditions of ageing of meat for opti¬ 
mum tenderization and microbiologi¬ 
cal safety, the laboratory has also 
developed simple field kits based on 
endotoxin assay for rapid microbio¬ 
logical monitoring of raw meat in the 
field. In the case of canned curried 
meat, thin-layer chromatographic 
tests based on chemical markers like 
free fatty acids have been found to be 
useful in evaluating the quality of the 
mutton used. 


Biotechnology 

The use of microorganisms as an alt¬ 
ernative to seeds for the production 
of fats and oils is becoming increas¬ 
ingly attractive, particularly in coun¬ 
tries where the conventional starting 
material is in short supply. DFRL has 
screened several species of Fusarium 
and identified one suitable for pro¬ 
duction of edible fat. Conditions such 
as carbon : nitrogen ratio were opti¬ 
mized to maximize biomass yield and 
oil content. The use of various agri¬ 
cultural and food-processing wastes 
is also being explored. 

The laboratory has also been con¬ 
ducting studies on the role and use of 
microbial and plant enzymes in food 
processing and storage. Notable 
among them are use of papain from 
papaya latex in reducing cooking 
time of dehydrated mutton and 
pulses, fungal pectic enzyme in clari¬ 
fying fruit pulps prior to concentra¬ 
tion or dehydration, fungal glucose 
oxidase in desugaring egg melange 
prior to drying to improve shelf sta¬ 
bility of egg powder, and plant (fruit 
and vegetable) polyphenol oxidase 
and peroxidase, which are respon¬ 
sible for browning and off-flavour in 
fresh and processed foods. 

Space food 

DFRL is the only institution in the 
^ country where R&D work pertaining 
to space food is being carried out. 
The work involves identification, for¬ 
mulation and processing of Indian 
foods suitable for use on manned 
space missions, and development of 



Packaging food tor space mission neeas. 
Laboratory-model vacuum/gas packing 
equipment for packing foods in rigid and 
semi-rigid plastic containers. 


suitable packaging systems. In active 
collaboration with the Soviet space 
agencies and the Indian Space Re¬ 
search Organization (ISRO), DFRL 
carried out extensive testing of seve¬ 
ral processed foods developed in the 
laboratory and identified a few which 
were subsequently used and greatly 
appreciated by the cosmonauts on the 
successful Indo-Soviet Joint Space 
Mission, Project Pavan, in April 
1984. The laboratory also conducted 
collaborative studies with the US 
National Aeronautics and Space Ad¬ 
ministration (NASA) and ISRO on 
several foods for use on board the 
space shuttle for the INSAT-IC pay- 
load specialist, and to evaluate prod¬ 
ucts of Indian origin for their suita¬ 
bility on manned space flights. 


Technology transfer, other roles 

DFRL, being primarily an R&D unit, 
has only limited production facilities 
and any large-scale manufacture and 
supply has necessarily to be done in 
collaboration with private industry 
through technology transfer. In the 
last five years 58 firms have taken 
know-how for 25 products from 
DFRL for commercial exploitation 
and to meet Defence requirements. 
Production of 10 products has been 
established. Several other organiza¬ 
tions have also drawn upon the facili¬ 
ties and expertise of DFRL in proce¬ 
ssed food supply to meet specific re¬ 
quirements such as those of various 
mountaineering expeditions, includ¬ 
ing the Indian Mount Everest Expedi¬ 
tion, rowing expeditions, motor ral¬ 


lies, the Border Security I^orce, and 
all the Indian Antarctic expeditions 
from 1980 till date. 

The scientists of the laboratory 
have been actively associated as 
members of various committees on 
food and agricultural products of the 
Bureau of Indian Standards con¬ 
cerned with Civil Standards and of 
the Technical Standardization Com¬ 
mittee concerned with Defence Stan¬ 
dards. They have also contributed to 
the formulation of specifications for 
various fresh and processed foods. 

For the last several years, the labo¬ 
ratory has been conducting three 
training courses every year for offi¬ 
cers and staff of the Supplies and 
Transport Directorate of Army Head¬ 
quarters engaged in food procurement 
and quality control. The courses pro¬ 
vide instruction in the latest develop¬ 
ments in food science and technology 
and modern analytical methods of 
food analysis. 

India is a member of tne Food 
Study Group of the Commonwealth 
Defence Science Organization, which 
has presently 15 member countries. 
DFRL has been participating in the 
triennial meetings of the Group to ex¬ 
change views and keep abreast of 
developments in other member coun¬ 
tries in the field of Defence food sci¬ 
ence. 

Ration development for the De¬ 
fence Services is a continuing exer¬ 
cise influenced by new developments 
in food science and technology. New 
processing techniques developed in 
India and elsewhere are expected to 
have an impact. These include aseptic 
processing, extrusion cooking, mem¬ 
brane concentration techniques, im- 
mobilized-enzyme technology, con¬ 
trolled and modified-atmosphere 
storage and microencapsulation tech¬ 
niques. DFRL has an ambitious future 
programme involving these tech¬ 
niques and aimed at improving the 
quality and stability of foods sup¬ 
plied to India’s Defence Services. 


K. S. Jayaraman is Project Coordina¬ 
tor and Head, Fruits Vegetables and 
Pulses Division, and R. Sankaran is 
Director, Defence Food Research 
Laboratory, Siddarthanagar, Mysore 
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Organic compounds and materials science 

Gautam R. Desiraju 


Organic substances by their very nature pose special 
problems in purification and in their fabrication as useful 
materials. The typical organic compound is low-melting, 
volatile and of variable purity. Further, the absence of a 
serious dialogue between materials scientists and organic 
chemists has also delayed the entry of organic compounds 
into the mainstream of materials science so that 'organic’ 
materials science is far less developed than its ‘inorganic’ 
counterpart. Despite these difficulties, organic compounds, 
with their subtle structural variations, are capable of a much 
higher degree of ‘fine tuning' so as to optimize a given 
chemical or physical property. Modern synthetic method¬ 
ology is highly sophisticated and virtually any organic target 
molecule can be made (with a greater or lesser degree of 
ease). The choice of a particular target for a particular 
application depends in turn on a critical appreciation of weak 
intermolecular interactions and their role in stabilizing or¬ 
ganic crystal structures. Accordingly, organic structures 
may be deliberately ‘engineered’ for very specific chemi¬ 
cal or physical properties. 

While the properties of organic molecules in solution 
are usually characteristic of the isolated molecule, solid- 
state properties of molecules are characteristic of an entire 
molecular assembly such as the crystal structure. Crystal¬ 
lization is a good example of molecular recognition and 
the structure of a molecular assembly in the crystal depends 
on the nature of this recognition and on the sometimes con¬ 
curring, sometimes conflicting directional requirements of 
weak intermolecular forces. Such ideas have only been re¬ 
fined in recent times and the coining of the term ‘supra- 
molecular chemistry’ by Lehn seems particularly appro¬ 
priate. The construction of organic molecular and crystal 
structures exhibiting predesired properties has a certain de¬ 
liberateness of purpose and has been likened to model¬ 
building. 

Organic crystals are relevant to materials sciences in 
three important respects: (i) The regularity of molecular 
orientation in a crystal may be employed to carry out highly 
predictable stereoselective reactions, (ii) A certain pack¬ 
ing arrangement in a' crystal may confer predesired opti¬ 
cal, electronic, magnetic or other physical property, (iii) 
Organic molecules may be included in host matrices in un¬ 
usual geometries which permit only certain types of chemical 
reactions or such that the process of inclusion may be used 
to separate different molecular species. 


Gautam R. Desiraju is in the School of Chemistry, University of 
Hyderabad, P.O. Central University, Hyderabad 500 134. 


Organic solid-state reactions 

Reactions between molecules in fluid media can only occur 
after molecules diffuse together, and because of the iso¬ 
tropic nature of the medium, a pair of potentially reactive 
molecules may approach one another in a variety of ori¬ 
entations. This is one of the reasons why an organic reac¬ 
tion in solution often results in a multitude of products. The 
relative yields of these products depend on, in addition to 
obvious chemical factors, the probability that the reactant 
molecules diffuse together with a certain orientation. In the 
crystafthis variability of intermolecular orientation is hardly 
significant and it may be expected that if molecules are close 
enough (for a ‘diffusionless’ reaction), they should react 
to yield one or a very small number of products. Accord¬ 
ingly, solid-state reactions may be employed in situations 
where a certain very specific type of reactivity is desired. 

The connection between the structure of a molecular 
assembly and its chemical properties is a crystallographic 
one and was formulated by Gerhard Schmidt more than thirty 
years ago as the topochemical principle. Schmidt found that 
the solid-state reactivity of crystalline cinnamic acids, 
Ar -CH=CH-CO,H, is completely determined by the near¬ 
neighbour relationship between molecules in the crystal. 
If potentially reactive molecules are sufficiently close in 
the crystal to undergo dimerization, a (usually) quantita¬ 
tive reaction occurs on irradiation to yield cyclobutanes. 
If molecules are too far apart in the crystal, there is no 
chemical result on irradiation. If the reactant m«)lecules are 
related by a crystallographic centre of inversion, the product 
has inversion symmetry. If the reactant molecules are related 
by unit cell translation, the product has mirror symmetry. 
In other words, the crystal symmetry of the reactant trans¬ 
forms as the molecular symmetry of the product. In gen¬ 
eral, the course and outcome of these solid-state reactions 
are quite different from the corresponding solution proc¬ 
esses. In this instance, cinnamic acid does not photodimer- 
ize in solution or in the melt. In many other cases, a solid- 
state reaction results in (usually) one product in quantita- 
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live yield while the corresponding solution reaction is far 
less ‘clean’ and several by-products may be obtained. 

A number of significant results may be derived, given 
the validity of the topochemical argument in this and related 
systems. 

Substitutional manipulation 

A particular substitution pattern on the phenyl ring of the 
cinnamic acid molecule may promote crystallization in either 
the inversion (a) or translation ((3) form. A knowledge of 
the weak intermolecular interactions may therefore permit 
a prediction of the crystallization pattern (and hence of the 
solid-state reactivity) of a new derivative. Dichlorosub- 
stitution leads, for example, to the ((3) crystal, while methoxy 
substitution leads to the (a) crystal, with the following dimers 
being produced exclusively on irradiation. These products 
would be very difficult to synthesize stereoselectively by 
solution processes. 

It may be mentioned that such 2 + 2 solid-state pho¬ 
todimerization reactions have been suggested for applica¬ 




tions in microlithography and for -making photoresists. 

; Asymmetric syntheses 

A fascinating yet unanswered question is how optical activity 
was generated in prebiotic conditions on our planet. In 
searching for an answer to this question, chemists have 
postulated that an early chemical reaction might have taken 
place under the influence of circularly polarized light leading 
to an enantiomeric excess of the product. A more plausible, 
even compelling, idea envisages that the early chemical 
reaction took place within a non-centrosymmetric crystal 
(or upon the non-centrosymmetric surface of a template 
crystal) and that the dissymmetry inherent in such a milieu 
was extended as molecular chirality of the product. Accord¬ 
ingly, a topochemical process in a non-centrosymmetric 
crystal structure which also lacks mirror and glide planes 
(P2j, P2j2j2j,C2) must take place in a chiral environment 
where the forces acting on the reactant molecules are dis¬ 
symmetric. So the products formed must be chiral. In other 
words, crystal chirality in the reactant is transformed to 
molecular chirality in the product. Hence non-centrosym¬ 
metric organic crystals are ideal media for conducting 
asymmetric syntheses. Such asymmetric syntheses are not 


restricted to alkene 2 + 2 cycloaddition reactions. 
Solid-state polymerization 

If a reactant monomer molecule has two reacting centres, 
it is in principle capable of topochemical conversion to give 
stereoregular polymeric products. This type of solid-state 
polymerization has been realized in the well-known diace¬ 
tylene system. Diacetylene polymerization is exemplified 
in the following schematic diagram and proceeds not only 
in a topochemical but, more remarkably, in a topotactic fash¬ 
ion. The main strategy in designing a polymerizable mono¬ 
mer is to ensure that sufficient attraction exists between 
the substituents, R, on adjacent molecules to bring the 
reactive centres close enough together. 

The unique feature of the diacetylene polymerization 
reaction is that, in many cases, it can be carried out as a 
single-phase process. There are not many methods of making 



such perfectly oriented macromolecules and polydiacety¬ 
lene chemistry has therefore been the subject of extensive 
investigation. The commercial importance of these materials 
has also been recognized. With their highly conjugated 
framework, ease of oxidation (and therefore their capac¬ 
ity to be doped) and optical nonlinearity, these substances 
could be very significant for electro-optical applications. 

Physical properties of organic crystals 

The notable advantage in using organic materials to achieve 
certain predesired physical properties is that these prop¬ 
erties may be fine-tuned to a much greater degree in 
molecular structure than is possible with inorganic solids. 
The earliest attempts to design organic solids for materi¬ 
als research were in the area of molecular semiconductiv¬ 
ity. The discovery of metallic conductivity in the 
tetrathiafulvalene-7,7,8,8-tetracyanoquinodimethane 
(TTF-TCNQ) complex in 19-73 was the starting point of 
research on molecular conductors. Research on conduct¬ 
ing charge-transfer salts ultimately led, in the early eight¬ 
ies, to the discovery of the first ambient-pressure organic 
superconductors. It is pertinent to note that molecular semi¬ 
conductors have already been incorporated in a commer¬ 
cial product; an organic photoconducting thiapyrilium dye 
is a vital component of a rather successful photocopying 
machine. While an organic conductor or superconductor 
is yet to be exploited commercially, the vast crystallogra¬ 
phic literature that now exists on these substances has greatly 
helped in refining our ideas about their structural chem- 
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istry. 


The study of electrical conductivity in organic com¬ 
pounds was initiated in the 1940s with the study of two groups 
of compounds: polycyclic aromatic compounds, phthalo- 
cyanines and dyestuffs on the one hand and addition com¬ 
pounds of the donor - acceptor type on the other. Polymer 
semiconductors appeared in the late fifties, while polyace¬ 
tylene and other highly conjugated polymers were synthe¬ 
sized in the form of thin films. Polypyrrole has also been 
the object of much study on account of its electronic 
properties. 

Organic metals are typically 4-A short-axis donor- 
acceptor complexes with segregated stacks of planar aro¬ 
matic TC-donors (D) and Ti-acceptors (A). These D and A 



Tetrathiafal valene ID) 7,7,8,8-tetracyanoquinodimethane lA) 



Mixed stack (insulator) Segregated stack (conductor) 


molecules are arranged in segregated stacks 
DDD. . . AAA . . ., with the D and A bearing fractional 
charges. This segregated arrangement is uncommon. Small 
changes in the molecular structure of donor or acceptor 
moieties usually result in the common mixed-stack arrange¬ 
ment DADADA .... However, this seemingly unlikely 
organization of all negatively charged ions into one set of 
stacks and the positively charged ions into another set is 
generally agreed to be an essential prerequisite for high elec¬ 
trical conductivity. The largely unanswered structural ques¬ 
tion concerning these complexes is just what molecular 
features in the donor and acceptor molecules favour a 
segregated-stack structure as opposed to a mixed-stack 
structure. 

The dominant interactions in TTF-TCNQ are the inter¬ 
stack D-D and A-A forces. This quasi-one-dimensional 
structure readily undergoes a metal-insulator transition at 
low temperatures (-70 K). In order to increase the dimen¬ 
sionality of these solids and suppress the Peierls transition, 
molecules have been designed, in which, in addition to the 

i7itrastack K -71 interactions, interstack (lateral) 

heteroatom interactions are also important. An extreme situ¬ 
ation where interstack interactions dominate the packing 
at the expense of the intrastack interactions is found in the 
donor - acceptor complexes of BEDT-TTF this ethy- 
lenedithiotetrathiafulvalene CET’) with inorganic anions 
such as I", ReO^" and CIO^". 

The unique feature of ET complexes is that donor mole¬ 
cules do not stack face-to-face like in TTF-TCNQ but rather 



BEDT-TTF (ETI 

adopt a lateral or side-by-side arrangement where the organic 
species are separated by inorganic anions. Many of these 
ET salts are metallic or superconduct at low temperatures 
(<10 K). The conductivity within the two-dimensional sheet 
is about 100 to 1000 times higher than along the perpen¬ 
dicular stack direction. 

Non-linear optics 

The invention of lasers and the consequent availabi-lity of 
powerful coherent light sources has rendered possible the 
observation of previously predicted nonlinear optical effects 
in crystals. Materials with nonlinear optical properties can 
be used in devices that process information efficient'y. It 
has been recognized that such devices will become ihe 
standard vehicle for future communications systems An 
important nonlinear effect is second harmonic geneivtion 
(SHG), which is used in frequency doubling of infrared nd 
other electromagnetic radiation. Early developmeni^ of 
nonlinear optics grew around inorganic materials like 
LiNb 03 and KHTO^ but it was realized that orginic 
materials have SHG efficiencies that are greater by sev¬ 
eral orders of magnitude. This is offset by their poor 
mechanical properties but it is well accepted that organic 
compounds offer much more scope for the deliberate 
tailoring of both electronic and crystallographic properties. 

Research on organic nonlinear materials has focused on 
compounds such as 3-methyl-4-nitroaniline and 3-methyl- 
4-nitropyridine-yV-oxide, both of which are more efficient 
than LiNbO^ by an order of magnitude. It is convenient to 
conceptually divide the design strategy for a new organic 
material for SHG into two steps: molecular engineering, 
wherein the electronic properties of the molecule are 
optimized, and crystal engineering, wherein crystallization 
in a non-centrosymmetric space group is achieved. How¬ 
ever, the main problem is that these two steps are not 
generally independent of one another. For instance, a 
compound whose molecular structure has been optimized 
for SHG by including a delocalized 7r-system (high molecu¬ 
lar polarizability) may tend towards centrosymmetry because 
of dipole-dipole stabilization. A number of other factors 
such as noncritical phase matching capability, low molecu¬ 
lar weight, infrared and visible transparency, thermal sta¬ 
bility and mechanical ruggedness have to be taken into ac¬ 
count. All this renders the search for the ideal organic 
frequency doubler a complex and difficult task. 

Other useful physical properties that depend on the lack 
of an inversion centre in an organic crystal are ferroelec- 
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tricity, piezoelectricity, pyroelectricity and tribolumines- 
cence. Organic compounds such as Rochelle salt and 
y triglycine sulphate are well-known ferroelectrics. Pyroelec¬ 
trics could find applications as heat sensors. Much effort 
is also being expended in the design of a molecular ferro- 
magnet. 

Separations and catalysis 

Geometrical attributes of organic molecules such as shape 
and size may be utilized in separation of mixtures and in 
catalysis. Such applications of organic materials are still 
novel and uncommon. However, with the growth and 
development of supramolecular chemistry, it is possible 
and even likely that ingenious uses will be found for organic 
compounds in the synthesis and processing of new com¬ 
pounds. 

An early example of organic separation which depends 
on variability of intermolecular interaction is the resolu¬ 
tion of a racemic mixture of compounds with a so-called 
‘resolving agent’. These latter compounds are typically 
optically active natural products such as brucine, quinine, 
tartaric and mandelic acids. The patterns of interactions in 
pairs of diastereomeric salts have been found to be remark¬ 
ably different, accounting for the ease of separation of the 
corresponding racemic mixture. More subtle are resolutions 
that employ a chiral clathrating compound. The internal 
cavities of compounds such as cyclodextrins and tri-ortho- 
thymotide are chiral. Therefore these substances can dis¬ 
criminate between enantiomers in their complexing abili¬ 
ties and accordingly effect a separation. It has been sug¬ 
gested that cyclodextrins may be used in the food packag¬ 
ing industry; the active principle in many spices are vola¬ 
tile, optically active substances that are gradually lost on 


standing. These substances may be encapsulated in cyclodex¬ 
trins and stored as such, without loss of freshness till used. 

Conclusions 

Organic materials are only now coming of age but it is clear 
that the materials scientist will consider these substances 
more seriously in the future. These substances would be 
most useful in situations where inorganic materials can¬ 
not, for some reason or other, be used. Factors that further 
tend to increase their availability and applicability are ease 
of synthesis and structural variety. For instance, it is not 
inconceivable that a molecular computer and a high-tem¬ 
perature organic superconductor will be developed in the 
future. Theories of molecular packing are becoming increas¬ 
ingly sound and should pave the way for systematic design 
or engineering of molecular materials for a multitude of 
uses. 
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Monte Carlo simulation of random magnets 

Debashish Chowdhury 

School of Physical Sciences, Jawaharlai Nehru University, New Delhi 110 067, India 


Significant progress has been made over the last 
few years in our understanding of the physics of 
random magnets using novel techniques of Monte 
Carlo simulation. In this work I summarize some 
of the recent results and compare these with corre¬ 
sponding experimental data as well as the theoreti¬ 
cal predictions. 

Random magnetic materials and models 

The atoms/ions constituting a solid material some¬ 
times possess non-zero magnetic moment due to un¬ 
paired spins and orbital angular momenta. Various 
kinds of magnetic ordering, e.g. ferromagnetic, anti- 
ferromagetic, ferrimagnetic, are possible in such ma¬ 
terials at sufficiently low temperatures. The nature of 
the ordering, however, depends not only on the temp¬ 
erature but also on the particular material under con¬ 
sideration. For example, Euo orders ferromagneti- 
cally below the so-called Curie temperature whereas 
MnF, and Rb,CoF^ exhibit antiferromagnetic order 
below the corresponding Neel temperatures. 

More than fifty years ago Heisenberg showed that 
the (exchange-) interaction between spins respon¬ 
sible for the magnetic ordering arises from a proper 
quantum mechanical treatment of the Coulomb inter¬ 
action between charges and that the effective Hamil¬ 
tonian for interacting spins, assumed located on lat¬ 
tice sites, is given by 

S .S (1) 

‘I ' .1 

<ll> 


The spin S. at the /th lattice site on a 6f-dimensional 

f *—V 

lattice interacts with the Z nearest neighbours S. (j = 
1,.., Z ) where the strength of the nearest-neighbour 
exchange interaction is J ... The summation on the 
right hand side of equation (1) is to be carried over 
all the nearest-neighbour pairs <ij >. 

Fortunately, the Hamiltonian for several real mag¬ 
netic materials is well approximated by the simpler 
expression, the so-called Ising Hamiltonian. 

^ = -Ei . 5. 5., (2) 

where each of the Ising spins can take only one of the 


two allowed values 5 = ± 1. In the presence of an 
external magnetic field the Hamiltonian for the Ising 
model is given by 

= - I J..S. S.-h (3) 

where H. is the strength of the external magnetic field 
at the /th site. My discussion here will be based en¬ 
tirely on the Ising model. 

By 'randomness’ and 'disorder’ I mean frozen 
disorder rather than thermal disorder. Frozen ran¬ 
domness can arise either from strong structural disor¬ 
der (e.g. glasses that are amorphous) or from random 
arrangement of atoms/ions on a lattice (e.g. random 
binary alloys). A magnetic material with 'frozen’ dis¬ 
order can be prepared in the laboratory by randomly 
substituting magnetic ions/atoms by non-magnetic 
impurities, for example, (i) Co by Mg in Rb.,CoF^, 
(ii) Fe by Zn in FeF,, (iii) Mn by Zn in MnF^, and (iv) 
dysprosium by Yttrium in dysprosium aluminium 
garnet. So far as the theoretical models are con¬ 
cerned, (quenched-) randomness can be introduced 
into the Ising model (3) in several ways: (i) Random 
exchange Ising models (REIM): Suppose, each of the 
lattice sites is occupied by an Ising spin with proba¬ 
bility p and occupied by a non-magnetic impurity 
with probability 1 - p. This is one of the several pos¬ 
sible ways of randomizing the exchange interaction 
. Note that H. is non-random in the REIM; usually, 
one assumes H. - H for all /. (ii) Random-field Ising 
model (RFIM). The exchange interaction is assumed 
to be non-random, but the field H is random. In the 
RFIM one usually assumes J.. = J for all the nearest- 
neighbour pairs < ij >. In the laboratory it is, how¬ 
ever, not possible to vary the external field randomly 
at the length scale of atomic distances. But, random 
anti-ferromagnets in a uniform external magnetic 
field are known to be physical realizations of the 
(ferromagnetic) RFIM. 

Competing ferro- and antiferro-magnetic inter¬ 
actions can lead to a different type of magnetic or¬ 
dering, namely, the spin glass. However, I shall not 
discuss spin glass ordering here and the reader is re¬ 
ferred to a recent book* and review articles.-'^ In this 
paper I shall mainly review the recent progress in the 
understanding of the physics of the REIM. I shall 
also briefly mention some of the recent interesting 
results obtained in the case of RFIM. 
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A brief introduction to the critical phenomena 

Consider, for example, the paramagnet-to-ferromag- 
net phase transition in the pure Ising model. The 
spontaneous magnetization (i.e. magnetization in the 
absence of external magnetic field), which is non¬ 
zero in the ferromagnetic phase, vanishes continu¬ 
ously as the transition temperature T. is approached 
from below. Therefore, so far as the ferromagnetic 
ordering is concerned, spontaneous magnetization is 
treated as the 'order parameter', a measure of the 
(long-range-) order in the system. It is possible to 
define a ‘correlation length’, that diverges at the 
critical point T^. Theory of critical phenomena puts 
emphasis on a few universal aspects of such phase 
transitions. Most of the attention is focused on the 
‘critical exponents’ that describe how specific ther¬ 
modynamic quantities, e.g. the order parameter, the 
susceptibility, vanish or diverge at the critical point. 
This behaviour is captured in terms of certain critical 
exponents that characterize the power law depend¬ 
ence of these quantities on (T ~ 7). The standard 
symbols used in the literature for the exponents asso¬ 
ciated with the specific heat, order parameter, sus¬ 
ceptibility and the correlation length are a, (3, y and v 
respectively. These exponents associated with the 
static properties are universal in the sense that they 
depend on the spatial dimensionality, dimensionality 
of the order parameter (one in the Ising case and 
three in the Heisenberg case) and the range of the 
interaction but are independent of the other specific 
details of the system under consideration. Thus, the 
numerical values of the corresponding critical expo¬ 
nents for the J-dimensional Ising ferro- and antiferro- 
magnets with nearest neighbour exchange inter- 
; actions are the same. 

Pure Rb^CoF^ is a tetragonal compound where 
nearest-neighbour ions are arranged on square 

lattices in the basal planes. The planes of the spins 
are separated by two layers of RbF ions. Therefore, 
the interplanar exchange coupling is much weaker 
than the intraplanar coupling. Indeed, pure Rb^CoF^ 
is one of the best realizations of the two-dimensional 
Ising modeP. The experimentally measured values of 
the static critical exponents for pure Rb^CoF^ are in 
good agreement with the corresponding theoretical 
values for the rwo-dimensional pure Ising model 
whereas those for pure FeF^, MnF^ and dysprosium 
aluminium garnet, for example, are consistent with 
the corresponding ones for the t/zre^-dimensional 
pure Ising model. Thus, Rb 2 Co, ^Mg is expected to 
be a physical realization of the rw^?-dimensional 
REIM whereas Fe, Zn F. and Mn, Zn F^ should be- 

l-.V A- 2 1-A A 2 

have like the three-dimensional REIM. 

According to the theory of dynamical scaling the 
characteristic relaxation time x near the critical point 
is given by x ~ where z is the (temperature-inde¬ 


pendent) dynamic critical exponent. The divergence 
of X as 7-^7 is known as the phenomenon of ‘critical 
slowing down’. The exponent z can be predicted by 
the theory of critical dynamics and for real materials 
it can be measured, for example, by neutron scatter¬ 
ing. For example, the experimentally measured 
value z -1.67 for Rb^oF^ is in good agreement 
with the corresponding theoretical prediction. 

In conventional Monte C^rlo (MC) simulations of 
Ising models consisting of N spins, one MC step con¬ 
sists of the following operations: (i) a spin is selected 
randomly for deciding whether or not to flip it; (ii) 
the energy change AE associated with that flip is 
computed; (iii) the transition probability 
= exp i-AE/kJ) / l\+exp(- AE/kJ)] for that 
flip is then computed; (iv) a random fraction 
/ ( 0 < / < 1 ) is generated by the computer and if 
/ < W the spin is flipped (5. -^-5 ), otherwise it is not 
flipped; (v) the whole process (i) --(iv) is repeated N 
times. The resulting spin configurations are used to 
compute the required thermodynamic properties. 

Let us now summarize some of the common diffi¬ 
culties encountered in computing the critical proper¬ 
ties of a system using MC simulation. The most 
appropriate definition of the exponent e for an arbi¬ 
trary thermodynamic quantity X in a system undergo¬ 
ing a thermal phase transition is e = lim (InA/ 
In r ') where 7 = (7-7 ^)/T^ is called the reduced 
temperature. The actual dependence of X on t\ how¬ 
ever, can be expressed as 

X=A7‘’(I+^7+...), 

where the terms other than unity within the bracket 
give rise to ‘corrections to scaling’. Unless such cor¬ 
rections are very small the effective exponents ob¬ 
served in computer simulations will be far from the 
true exponents if the simulation cannot be performed 
very close to 7^.. But the closer is 7 to , the larger 
is the correlation length and the stronger arc the 
finite-size effects. Finite-size effects can be mini¬ 
mized by simulating systems as large as possible, 
albeit at the cost of enormously large CPU time. Very 
large systems of Ising spins (even in the presence of 
random exchange and/or random field) can be simu¬ 
lated using a recent technique called multi-spin cod¬ 
ing where the orientations of several spins are stored 
in each of the computer words^’ ^ Moreover, the 
closer is 7 to 7 , the slower is the simulation because 

c 

of the phenomenon of critical slowing down. The 
latter difficulty, however, can be bypassed using an 
efficient algorithm, proposed by Swedsen and Wang 
(SW)7 In this algorithm instead of single spins, ap¬ 
propriately defined clusters of spins are flipped. 

Static critical behaviour of random magnets 

A second order thermal i phase transition takes place 
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in the REIM at a non-zero temperature provided the 
concentration of the spins p > the so-called per¬ 
colation threshold (see ref. 8 for a review). The tran¬ 
sition temperature ( p ) is a monotonically de¬ 
creasing function of the impurity concentration arid 
7 vanishes for all p < p^. One of the fundamental 
questions is: are the critical exponents characterizing 
the thermal phase transition in the REIM at a given p 
(p^<p<l) identical to the corresponding ones for 
the pure Ising model ( p = 1)? On the basis of a set 
of heuristic arguments Harris‘s derived the following 
criterion: if the specific heat exponent for the 

pure model is positive then the corresponding disor¬ 
dered model would belong to a different universality 
class. This criterion implies that the critical expo¬ 
nents for the three-dimensional REIM are different 
from the corresponding ones for the pure model for 
which a =0.11. On the other hand, since a is 

pure pure 

negative for the three-dimensional Heisenberg model 
the corresponding disordered model should belong to 
the same universality class as the pure model. So far 
as the two-dimensional Ising model is concerned the 
Harris criterion is inconclusive because the corres¬ 
ponding = Harris criterion has been supported 
by subsequent analytical calculations. However, the 
results of the computer simulation of the REIM re¬ 
main controversial, primarily because the true criti¬ 
cal regime for the latter model is too narrow to be 
probed by most of the ‘traditional computational tech¬ 
niques. More precisely, critical slowing down prohib¬ 
its the traditional simulations to be carried out suffi¬ 
ciently close to 7 (see ref. 5 and references therein). 
As stated earlier, the best algorithm to bypass the 
critical slowing down is the SW algorithm. Using this 
algorithm Wang and Chowdhury'^’ have computed the 
effective exponents for various values of the reduced 
temperature 7 = (7 - TJ/T^ and extracted the asymp¬ 
totic values of the exponents in the limit /' —> 0 by 
extrapolation. It turns out that y = 1.5 ± 0.07 and v 
= 0.75 ± 0.04. These values are in good agreement 
with those obtained in a very recent simulation*' car¬ 
ried out in the same range of temperature using a dif¬ 
ferent algorithm. 

Let us now compare the exponents obtained by the 
MC simulation with the corresponding values ob¬ 
tained from experimental investigations of the ran¬ 
dom Ising magnetic materials and with the corres¬ 
ponding theoretical predictions. To my knowledge, 
the best theoretical estimates of y and v are ~ 
1.336 and v « 0.678 whereas the most careful experi¬ 
ments (see ref. 13 for review) yield p === 0.35, y « 
1.31, V « 0.69. Surprisingly, the MC simulation 
seems to have overestimated the exponents although 
there are one or two experiments that yield exponents 
close to the MC estimates. A possible interpretation 
of this inconsistency between theory and MC simula¬ 
tion is that the effective exponents are nonmonotonic 


functions of the reduced temperature f (ref. 14) and 
the higher values of y and v are consequences of a 
naive extrapolation to 7 0. However, a recent at¬ 

tempt'-^ to detect such a maximum, if any, in y ( t') 
using the so-called Wolff algorithm (which is little 
more efficient than the SW algorithm) on transputers 
(a type of parallel processing computer), has been in¬ 
conclusive. Unfortunately, even the MC simulation 
using the SW algorithm at 7 = 1 ()-•'' cost about 500 h 
of CPU time on an IBM 3090 which is almost as fast 
as a Cray computer. Therefore, at present, the com 
puter time required for simulation at 7 ~ 10"** would 
be prohibitively large. 

Critical dynamics of the REIM near the bi- 
critical point 

Theoretical activity in this field was triggered by the 
inelastic neutron scattering study of the site-diluted 
antiferromagnet Rb,Co, ^Mg^F^ with Co concentra¬ 
tion near the percolation threshold'^. The experimen¬ 
tally observed value c ~ 2.4 is much larger than the 
prediction r = 1.67 from the standard dynamical scal¬ 
ing. Aeppli et ai attributed this discrepancy to the 
fact that ‘in a system as ramified as a percolating 
network, disturbances require a longer time to propa¬ 
gate between two points than they do on a regular 
lattice’. Using the known fractal properties of the 
percolating networks they proposed, a scaling argu¬ 
ment that apparently reconciled theory with experi¬ 
ment. More refined scaling arguments were proposed 
later'7 However, all these attempts began with the 
assumption that the standard form of dynamical scal¬ 
ing applies to the system under investigation. On the 
other hand, most of the subsequent theoretical 
work'" as well as computer simulation-'"-^ indicate 
the breakdown of this standard form in the dilute 
Ising magnets near the percolation threshold. For 
example, Harris and Stinchcombe-" suggested that 
the dynamic exponent ‘z should really be infinite, 
and that the experiment sees a finite effective value 
limited by how close to the percolation bicitical 
point 7=0,/?= p^ the measurements are made.’ 

From these recent theories one concludes that at 
p ~ p^ the standard dynamical scaling must be re¬ 
placed by the so-called ‘singular’ dynamical scaling 

In T = A (In + B (In + C (4) 

where A, 5 and C are constants. Comparing this form 
(4) with the standard dynamical scaling form 

In T = B (In + C, 

we conclude that both the forms (4) and (5) are spe¬ 
cial cases of a generalized dynamical scaling form 
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In T =/ (In ^ (6) 

where / is a function of In Thus, (4) corresponds 
to / (a) = A.\- + B.\ + C whereas in the case^ of the 
standard dynamical scaling (5) / (a*) = Bx + C. 

The singular dynamical scaling form (4) is a con¬ 
sequence of the fact that the most divergent energy 
barriers to overturning of spin-clusters of size L is 
E oc In L, which, in turn, is a consequence of the 
(statistical-) self-similarity of the percolation clus¬ 
ters (see also ref. 27, 28 for related models and ref. 
29 and 30 for reviews). MC simulation of the Ising 
model with quenched disorder in two dimension-*^’ 
as well as in three dimension-^’ demonstrate the 
breakdown of the standard dynamical scaling (5) and 
indicate the existence of a singular form (4). The ex¬ 
isting experimental data, however, are not suffi¬ 
ciently accurate and can be fitted to both the forms 
(4) and (5); some more accurate experiments are in 
progress (G, Aeppli, private communication). Some 
aspects of this singular dynamical scaling, however, 
remain controversial; for example, whether the con¬ 
stant A is an universal quantity in the same sense as 
the critical exponents. 

Kinetics of domain growth in random magnets 
far from equilibrium 

When .an Ising magnet is quenched, i.e. cooled rap¬ 
idly, domains of up (down) spins grow at the cost of 
the domains of down (up) spins. It is now well known 
that the linear size R of a domain grows with time t 
following the so-called Allen-Cahn law R- oc /. This 
law is a consequence of the fact that the local veloc¬ 
ity of the interface separating the up and down spins 
is proportional to the local curvature. 

Recently, the effects of random field-^'’"'- as well 
as that of random impurities (ref. 33 and references 
therein) have been investigated by MC simulation. A 
‘crossover’ from the power-law growth (during the 
very early stages) to a logarithmically slow growth 
(in the late stages) has been observed in both the 
cases. Such observations are consistent with the theo¬ 
retical conjectures that domain growth would be 
slowed down by the pinning effects of the random 
fields and the random impurities which roughen the 
interfaces. However, a detailed discussion on the 
various aspects of roughening of the interfaces is 
beyond the scope of this paper. 
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Late Miocene rhizomyid rodent-bearing 
faunule from the Siwalik of Palampur, 
Himachal Pradesh, India 


B. N. Tiwari 

Wadia Institute of Himalayan Geology, Dehradun 248 001, India 


Brachyrhizomys (Rhizomyidae, Rodentia) and as¬ 
sociated vertebrates from the Middle Siwalik of 
the Neogal Khad, Palampur are described and 
assigned an age of 8.1 Ma on the basis of 
rhizomyid biochronology developed in the Siwalik 
Group of Pakistan. Relatively wide palaeogeogra- 
phical distribution of the Late Miocene Siwalik 
rhizomyid taxa indicates isolation of the Siwalik 
faunal province after 7 Ma. 


Rhizomyid rodents have been very well demonstrated 
as high quality geochronological constraints in the 
Siwalik Group of the Indian subcontinent'-. Small 
isolated outcrops yielding .meagre rhizomyid rodent 
assemblages can also be dated and taken into account 
while synthesizing the geological evolution of the 
area. This note records an occurrence of a faunule 
having rhizomyid rodent elements from an isolated 
exposure (32 8'35'':76 32'5") on the left bank of 
Neogal Khad, facing Government Primary School 
Thala, in Palampur area (Figure 1). The various com¬ 
ponents of the faunule recovered from Palampur area 
are as follows: 

Reptilia 

Crocodilia - Crocodylus sp. 

Mammalia 

Rodentia - Brachyrhizomys micrus 

Order indet. - Gen. et sp. indet. form 1 

Gen. et sp. indet. form 2 

The presence of Brachyrhizomys, a short ranging 
rhizomyid, in Neogal Khad faunule is important as it 
establishes the presence of the Late Miocene Siwalik 
sediments almost at the tectonic contact of the 

Siwalik with Chandpur metasediments. Further, it 
secures a place for Palampur Siwalik in the Neogene 
microvertebrate locality map of the Himalaya. 

On the right bank of Neogal Khad, high dips vary¬ 
ing between 55“ and 65“ in N 10° E direction with 
approximately E-W trending strike, conforming the 
regional aspect, are noticed between a rope bridge 
near Bandla and Kandi village. Thick cliff-forming 
micaceous medium-grained sandstone having floral 


concentration along the bedding planes with alternat¬ 
ing mudstone horizons in 1:1 ratio are exposed here. 
On the corresponding left bank huge glacial boulders 
and Recent assorted detritus form a thick cover con¬ 
cealing the stratified horizons below. However, a 
few detached exposures, including the above speci¬ 
fied faunule yielding one, were observed peeping 
through this cover, and are lithologically dissimilar 
with the horizons which are in much high relief on 
the right bank. 

Faunule yielding isolated exposure on the left 
bank of the Khad is 8.7 m thick (Figure 1) with its 
base unexposed and top obscured by loose material. 
A pale brownish to grey intraformational conglomer¬ 
ate horizon of 0.6 m thickness is sandwiched within 
the light grey fine-grained sandstone. It yields mostly 
fragmentary vertebrates. 



Figure 1. Vertebrate locality map, litholog of the exposure, and posi¬ 
tion of Palampur in inset. 


460 


CURRENT SCIENCE, VOL. 59, NO. 9, 10 MAY 1990 


















RESEARCH ARTICLE 


Faunal description 


Family: Rhizomyidae Miller & Gidley, 1918 

Subfamily: Rhizomyinae Miller & Gidley, 1918 

Genus: Brachyrhizomys Teilhard de Chardin, 

1942* 

Type species: Brachyrhizomys shansius Teil hard 
de Chardin, 1942 

Brachyrhizomys micrus Flynn, 1982 (Figures 2-6) 

Holotype, horizon and locality: YGSP 5494, left 
dentary with broken I/l, M/I-3, lower Dhok Pathan 
Formation, locality Y314, Potwar Plateau, Pakistan, 

Material: An isolated LM/3 (WIMF/A 643) and an 
incisor fragment (WIMF/A 651). 

Horizon and locality: Detached Middle Siwalik (Late 
Miocene) near Bandla Water Works, on the left bank 
of Neogal Khad, Palampur (Figure 1). 

Repository: Museum, Wadia Institute of Himalayan 
Geology, Dehradun, India. Specimens bear WIMF/A 
numbers given in the text. 

Description 

LM/3 (WIMF/A 643). The molar is slightly worn. 
Occlusal outline is rectangular with subrounded and 
sloping posterior margin. Characteristically, the 
low-crowned LM/3 is unilaterally or differentially 
hypsodont with anterolingual corner in relatively 
higher relief. Deep and wide labial reentrant reaches 
lingual margin as the mure is weak because of an 
early wear. Stria is shallow and terminates well 
above the enamel base on an uneven enamel plat¬ 
form. Anterolophid and metalophid form an antero¬ 
lingual shallow enamel lake with a narrow passage to 
adjacent arcuate enamel lake posteriorly bordered by 
mesolophid. Mesolophid originates from middle of 
the posterior arm of the protoconid. Arcuate enamel 

METALOPHID MESOLOPHID 



Figure 2. Lebelled sketch of the LM/3 (WIMF/A 643). Bar length 1 mm. 


lake with restricted lingual opening is followed pos¬ 
teriorly by relatively deeper transverse enamel lake 
between mesolophid and hypolophid. Additional 
enamel bead at the lingual end of mesolophid further 
restricts the narrow lingual opening of this lake. 
Stout posterolophid is isolated from other crown fea¬ 
tures because of continuous and deep reentrant. The 
molar has a broken, stout, lingual root towards the 
posterior side and an incomplete compressed trans¬ 
verse root supporting the anterior end. 

Incisor (WlMF/A 651). Enamel covering on the inci¬ 
sor fragment is confined only to the anterior side 
leaving two-thirds of the dentine exposed. The inci¬ 
sor is medially flattened to a little extent with an oval 
cross-section. It is moderately curved and is being 
tentatively assigned to B. micrus. 

Dimensions 




LM/3 

Incisor 

Length 

(mm) 

3.7 

2.9 

Width 

(mm) 

3.0 

1.4 

Crown 

height* (mm) 

1.4 



*1.7 mm at anterolingual corner. 

Comparisons 

WIMF/A 643, the LM/3 resembles morphologically 
and dimensionally the corresponding molars of Pro- 
tachyoryctes, described by Flynn*. It, however, ex¬ 
hibits a few characters, viz. low crown, deep labial 
reentrant and short posterior enamel lake on the basis 
of which it cannot be assigned to any tachyoryctine 
taxon including Protachyoryctes tatroti. Though hyp- 
sodonty is certainly not a pronounced feature of P. 
tatroti, relatively short labial reentrant and large 
posterior enamel lake in their last lower molars 
clearly differentiate P. tatroti from WIMF/A 643. 

Last molars of Brachyrhizomys nagrii also exhibit 
all the above mentioned features of the LM/3. Addi¬ 
tional common features are: (i) termination of stria 
well above enamel base on labial side and, (ii) weak 
mure in early wear stage of the molar^. However in 
spite of all the above mentioned characters slightly 
narrowing and sloping posterior of the LM/3 (WIMF/ 
A 643) differentiates it from M/3s of B. nagrii which 
narrow abruptly on the posterior sideL Another 
species B. punjabiensis is relatively smaller, and its 
upper variation limits do not envelop the LM/3s di¬ 
mensions. Brachyrhizomys cf B. pilgrimi, B. hlacki, 
B. tatracharax and B. choristos are much larger to be 
assigned to the present LM/3. Slightly narrowing and 
sloping posterior margin of the lower last molars of 
B. micrus and nearly identical size favour the attribu- 
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Figures 3~9. Brachyrhizomys micrus^ 3-5, Isolated LM/3 (WIMF/A 643) occlusal (3), labial (4), lingual (5), views. 6, Bra- 
chyrhizomys micrus (WIMF/A 651) incisor, medial view. 7, Crocodylus sp. (WIMF/A 646) an isolated tooth. 8 & 9, Mammalian 
molar fragments (WIMF/A 650, 648) Gen et sp. indet. Bar length 1 mm. 


tion of present LM/3 to B, micrus. WIMF/A 651, the 
incisor fragment has similar morphological features 
as the ones described by Flynn-, 

Other vertebrate remains 

Many fragmentary micro- and macrovertebrate re¬ 
mains were found associated with the LM/3 of B. mi¬ 
crus. They include several fragmentary mammalian 
teeth and bones, and an isolated slightly curved tooth 
of Crocodylus sp. (WIMF/A 643, Figure 7). Croc- 
odylus sp. being an end member of the food-web 
cycle, indicates the presence of sufficient biomass in 
the area. 

WIMF/A 648, a mammalian molar fragment (Fig¬ 
ure 9) of unknown affinity exhibits deep lake rimmed 
by an enamel ridge with dentine at lake base. WIMF/ 


A 650 is another molar fragment (Figure 8) having an 
enamel cusp with cingulum. 

Age considerations 

Brachyrhizomys evolved from Kanisamys at 9.5 Ma 
with B. punjabiensis (9.5 Ma to 9 Ma), the most 
primitive rhizomyine species, exhibiting close re¬ 
semblance with Kanisamys stock-. B. nagrii speci- 
ated from primitive Brachyrhizomys stock at 8.5 Ma 
with advanced characters typical of bamboo rat sub¬ 
family Rhizomyinae. Brachyrhizomys is known to 
range up to 7 Ma in Pakistani Siwalik sequence. 
There are reports of some Brachyrhizomys specimens 
from the Indian Siwalik from still younger horizons f 
These findings have been slightly elaborated by 
Gupta et al."^ making it clear that the LM/3 from the 
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Neogal Khad is more primitive; being considerably 
low-crowned and smaller in size it cannot be from a 
horizon younger to 7 Ma BP. Brachyrhizomys micriis 
is known from 8.1 Ma level in Pakistani sequence\ 
As the present LM/3 is specifically similar to the M/3 
in the Holotype (YGSP 3494) of B. micriis which is 
from 8.1 Ma BP level, it is also being assigned the 
same age. 

Palaeobiogeographical observations 

Most of the rhizomyid taxa are not good tools for 
long distance biostratigraphical correlations owing to 
their endemic nature. Brachyrhizomys is not an ex¬ 
ception to this virtue. However, it is known from the 
Lower Mancher Formation'^ in Sind, Pakistan, and at 
least from three localities in China yielding five spe¬ 
cies of which three are well known from the Siwalik 
Group of the Indian subcontinent^’. Kanisamys, a rela¬ 
tively more primitive rhizomyid taxon, is rather 
widely distributed in the Late Miocene localities of 
southern Asia, This geographical distribution of 
rhizomyid taxa indicates the degree of intermingling 


of rodents which was possible during the Late Mio¬ 
cene because of the absence of physical barriers, 
paving way for mixing of faunal elements. Subse¬ 
quent tectonic events in the region brought physical 
barriers into being and consequently faunal commu¬ 
nities started evolving in isolation in smaller sub¬ 
divided faunal provinces. 
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Insensitivity of remote sensing to 
water-logging in low-capillarity soils 

K. P. Singh 

Punjab State Council for Science and Technology, SCO 2935-36, 
Sector 22-C, P.B. No. 958, Chandigarh 160 022, India 

Use of LANDSAT data has been reported widely 
for monitoring water-logging patterns. After 
studying various case studies I came to the conclu¬ 
sion that such techniques, though extremely use¬ 
ful, should essentially be used in conjunction with 
field data. It is demonstrated that in certain cases, 
although the area may be water-logged, LANDSAT 
images may not register any signatures. Such ob¬ 
servations when interpreted without the aid of 
field data lead to deceptive results, wrong plan¬ 
ning and execution of schemes in the field for rec¬ 
lamation of water-logged areas. The present paper 
discusses such examples from the alluvial tracts of 
Punjab State and highlights the importance of 
field data. 

Recent advances in remote sensing technology have 
opened up new vistas in the mapping and monitoring 
of natural resources. Several workers have used these 
techniques for hydrogeological studies'"^ Mapping 
of water-logged areas (areas with groundwater at 
depths less than 2 m) has also been taken up by some 
workers-’ These workers have mapped the water¬ 
logged areas existing at different times by making 
use of temporal coverage provided by the LANDSAT 
data. Recently, a decrease in the water-logged area in 


south-west Punjab has been reported". My observa¬ 
tions, on the other hand, indicate that the water¬ 
logged area continues to increase in south-west 
Punjab. Detailed studies were carried out to explore 
the reasons for the difference between the results. 
The results of such studies are discussed here. 

After the introduction of the canal irrigation sys¬ 
tem in Punjab, a n^w recharge component was im¬ 
posed upon the groundwater regime which caused the 
water levels to rise. In the south-west Punjab, water 
levels initially rose at the rate of 0.25 m/year from 
1895 to 1960. Since 1960, in southern Punjab (with 
its deep water table), the water levels continued to 
rise at the rate of 0.50 m/year. Some areas close to 
the major rivers and canals also became water¬ 
logged. The other causes of water-logging include 
seepage from irrigation fields, inadequate and inelli- 
cient drainage system, poor outfall conditions and 
limited withdrawal of groundwater due td its saline 
and brackish nature. Such water-logged areas gener¬ 
ally appear to have different spectral signatures on 
LANDSAT images due to the increased moisture con¬ 
tent in the topsoils. They appear as dark blue plumes 
on false colour composites (bands 4, 5, 7) and as 
greyish-black spots on bands 5 and 7 of LANDSAT 
images. Data generated by Thematic Mapper for 
1988 have also been studied. TM data products have 
similar signatures for water-logged areas as shown by 
LANDSAT images of bands 5 and 7. By employing 
standard visual interpretation techniques, water¬ 
logged areas have been demarcated. 

The moisture conditions of topsoils which affect 
spectral signatures on LANDSAT and TM data prod¬ 
ucts vis-a-vis field conditions are shown in Figure 1. 
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Figure 1. Field conditions of water-logged areas in unconfined aquifer, a. Saturated topsoil from where spectral signatures of water-logged areas 
can be picked up. b. Water-logged areas with unsaturated topsoil. 
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The figure indicates that water-logged areas can be 
picked up by LANDSAT and TM data if the capillary 
rise in the soils is high and topsoil zone is near satu¬ 
ration. Similar observations have been made by 
Mendel and Schultz‘S. Depth of groundwater in such 
cases is less than 2 m and the area is water-logged. 

Figure \h shows different results. In this case, the 
area is water-logged and has depth to groundwater 
less than 2 m, but due to low capillary rise, the top¬ 
soil zone is not saturated adequately to have a suffi¬ 
ciently different reflectance from unsaturated top¬ 
soils. Hence it cannot be distinguished on LANDSAT 
and TM data products. 

Thus it is obvious that the appearance of water¬ 
logged areas on LANDSAT and TM data products is 
controlled by the capillary rise, which is influenced 
by the nature of soils. Field visits in such cases have 
also proved that although the area is water-logged, it 
has not appeared on LANDSAT and TM data prod¬ 
ucts. Any investigation which does not incorporate 
enough field data but is based solely upon interpreta¬ 
tion done through the use of remotely sensed data 
will yield incorrect results despite the usefulness of 
remotely sensed data in monitoring water-logging 
and salinity patterns. Even areas where water-log¬ 
ging is acute may not be identified. Recommended 
measures include construction of new surface, link 
and sub-surface drains; lining of canals and distribu¬ 
taries; introduction of vertical drainage, afforestation 
measures, etc. and aim to decrease the inflow compo¬ 
nents and increase the outflow components in the 
groundwater system. However, these remedies may 
not be taken up in priority areas if they are based 
only on LANDSAT and TM data. Thus, without the 
support of field data, faulty planning and execution 
of schemes in the field may result. The reclamation 
of truly water-logged areas may thus not be pursued. 
Remote-sensing technology is an additional tool for 
solving certain problems but should not be regarded 
as a substitute for field work. 
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Gypsum from sub-bottom sediments 
of Kalbadevi Bay, off Ratnagiri, India 

P. V. Sukiimaran 

West Coast Division, OME & MG Wing, Geological Survey of India, 
P. K. V. Bhandarkar’s Complex, Mannagudda, Mangalore 575 003, 
India 

Occurrence of possible evaporite gypsum in sub¬ 
bottom Holocene sediments off Ratnagiri Is as¬ 
cribed to evaporation of seawater isolated during 
regressive phases in the Quaternary. 

Gypsum is an important evaporite mineral and forms 
huge economic deposits in association with lime¬ 
stones and halite. In addition to its occurrence as 
evaporite mineral, gypsum of diagenetic origin has 
also been described’. The mineral is fairly uncom¬ 
mon in open ocean sediments but occurs widely in 
modern lakes subjected to extreme evaporation, such 
as the Dead Sea, saline pools peripheral to the Red 
Sea and many desert playasl According to Friedman 
and John, at temperatures of 30‘’C gypsum precipita¬ 
tion requires 3.35 times concentration of seawater or 
a salinity of 124 ppt. Such conditions are met with 
only in arid to semiarid tropics where evaporative 
concentration of wsaline waters in lakes and marginal 
pools formed during sea level changes leads to pre¬ 
cipitation of gypsum. Occurrence of gypsum in Pleis¬ 
tocene/Holocene sediments is thus a pointer to the 
climatic and sea level changes during the Quaternary 
period. 

Gypsum of possible diagenetic origin has been de- 
scribed"*-'*’ from nearshore surface sediments of the 
western continental shelf of India. The present report 
of gypsum is from sub-bottom sediments, possibly of 
early Holocene period. Similar occurrence of gypsum 
in sub-bottom sediments has been recently observed 
off Gujarat coast (P. R. Pai, 1989, personal commu¬ 
nication). 

One of the cores (VC 1948, Figure 1) recovered 
during heavy mineral exploration in Kalbadevi bay, 
off Ratnagiri revealed the presence of transparent 
gypsum crystals (Salenite) in the sub-bottom sedi¬ 
ments. The core sample was recovered from a loca¬ 
tion 2,3 km offshore at a water depth of 11.5 m. Gyp¬ 
sum occurs in this core in a zone 3.5 to 4 m deep 
from the sea bed. The sediments in the zone consist 
of terrigenous silty sand admixed with clay and 
partly carbonized wood imparting a greyish to black¬ 
ish colour (5Y 2.5/2) to the sediment. Other detrital 
components include pebbles and pellets of iron ox¬ 
ide, the maximum size of which is 7 mm. The detrital 
minerals in the sediments are highly angular quartz, 
pyroxene, ilmenite and magnetite. A few grains of 
earthy anhedral carbonate minerals were also identi- 
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Figure I. Map of Kalbadevi bay showing ihc location of vibrocorc. 

fied. An entirely different mode of quartz character¬ 
ized by well-rounded grains in contrast to the texture 
of other minerals, which however is numerically very 
rare, was also observed. Shells and shell fragments 
were completely absent in this zone. 

Gypsum crystals are distributed in fine sediments 
of >1 (|) size, the largest grain observed being 1.7 x 
0.45 mm in size. Two types of crystals are present. 
One is euhedral and transparent with excellent cli- 
nodome (Oil), prism (110) and clinopinacoid (010) 
faces. The other one is a tabular, platy transparent to 
milky white crystal, generally anhedral. Both types 
have impurities on the surface and enclose fine detri- 
tal grains of opaque minerals and quartz. 

The euhedral shape, association with carbonate 
and absence of typical diagenetic features like dis- 
placive nature, overgrowth on grain margins, solu¬ 
tion and erosion features and deformation structures' 
tend to suggest that these gypsum crystals are of eva- 
poritic origin formed possibly in isolated ponds of 
seawater disconnected from the open sea as evi¬ 
denced from the total absence of shells in this zone. 
And such isolated pools of seawater can occur in bay 
areas when the sea level is lowered both locally and 
eustatically. Geophysical evidence from the bay indi¬ 
cates a basement ridge at the mouth of the bay (A. 


Bagchi, 1989, personal communication). During 
times of lowered sea level (in the Holocene) the bay 
could have formed almost a closed basin of saline 
water turned ultrahaline for gypsum to precipitate 
under conditions of arid to semiarid climate. The 
semidesertic conditions in the hinterland are also in¬ 
dicated by well-rounded quartz grains which could 
represent aeolian influx. The conclusions of Hashimi 
and Nair^ that India experienced climatic aridity dur¬ 
ing the late Pleistocene-early Holocene are also sup¬ 
ported by the occurrence of possible evaporite gyp¬ 
sum in the sub-bottom nearshore sediments of the 
western continental shelf of India. Its restriction to 
littoral sediments is a point to be reckoned with the 
fact that it is the nearshore areas where seawater gets 
isolated during sea level fluctuations. Further, there 
is no evidence of rounding or dissolution on the gyp¬ 
sum crystals indicative of transportation. 
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Pollen tube growth and site of incom¬ 
patibility reaction in niger (Guizotia 
abyssinica Cass.) 

Vandana Prasad 

National Botanical Research Institute, Lucknow 226 001, India 

Self-incompatibility studies have been made out on 
Guizotia abyssinica. No seed set was found to occur 
in a plant grown in isolation. In such cases germi¬ 
nation of pollen grains on the stigma surface is 
very poor and pollen tubes show twisting and coil¬ 
ing over the stigmatic papillae. 

Guizotia abyssinica of the tribe Heliantheae, family 
Compositae, is a short day plant. A single plant when 
put in isolation does not set seeds'. The present com¬ 
munication deals with scanning electron microsopic 
(SEM) studies on stigma structure, pollen tube 
growth and site of incompatibility reaction. 

Upper surface of stigma shows numerous papillae 
(Figure la, b) covered with uniformly thickened cu- 
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Figure 1. Scanning electron micrographs of Guizotia abyssinica stigma, a, Stigma after compatible pollination; b, germinated pol¬ 
len grain and pollen tube entering between the papillae; c and d, twisting and coiling of pollen tubes on stigma of isolated plants (p, 
papillae; pt, pollen tube; g, germ pores). 
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tide overlaid with a layer of pellicle; no surface se¬ 
cretion is present on the stigma * which is thus of ‘dry 
type’-’ \ Unpollinated, cross-pollinated and self-pol¬ 
linated stigmas of this taxon were examined to see 
whether SEM would provide any evidence regarding 
the site of incompatibility reaction or show any dif¬ 
ference in growth of compatible and incompatible 
pollen tubes before they penetrate the stigma. 

ill niger, much before anthesis, the stigmatic pa¬ 
pillae are short and closely appressed to one another, 
but at the time of anthesis these papillae become 
longer, swollen and more widely spaced, presumably 
due to water uptake. Pollen grains are lodged on the 
papillae and the pollen grains have three germinal 
furrows. 

In compatible pollination, pollen grains get hy¬ 
drated and germinate on the stigma surface producing 
a pollen tube which goes down between the papillar 
cells and penetrates the basal portion of the papilla*^. 
The place of penetration cannot be seen in the photo¬ 
graph (Figure \h) owing to swollen papillae. 

In incompatible pollination, pollen germination is 
usually inhibited but in some cases a few pollen 
grains do germinate, producing a pollen tube that 
twists over the surface of the papillae (Figure Ic,^ ), 
a characteristic reaction usually seen in a single plant 
of niger grown in isolation. 

The reaction of incompatibility in flowers of G, 
abyssinica involves (i) low percentage of germina¬ 
tion of pollen grains on the stigma, and (ii) twisting 
of pollen tubes over the stigmatic papillae. From the 
present study it is suggested that self-incompatibility 
in niger is homomorphic and of sporophytic type. 
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Requirement of protein synthesis 
during ripening of abscisic 
acid-treated mangoes 

H.R. Parikh and V. V. Modi 

Department of Microbiology and Biotechnology Centre, 

Faculty of Science, M. S. University of Baroda, Baroda 390 002, 
India 

Abscisic acid (ABA) at 10"^ M enhances ripening in 
mangoes as evident from the increase in individual 


free sugars (not glucose) and total carbohydrates 
with a concomitant decrease in acid content. This 
is associated with increase in gluconeogenic en¬ 
zymes like glucose-6-phosphatase (EC 3.i.3.9) and 
fructose-1,6-diphosphatase (EC 3.1.3.11) and also 
in cytosolic malate dehydrogenase (EC 1.1.1.37). 
Cycloheximide treatment Inhibits the ABA- 
induced incorporation of radiolabel during ripen¬ 
ing, suggesting that ABA action is mediated via 
protein synthesis. 

Mango is an important crop of India. Studies related 
to the regulation of the ripening process are essential 
for a better understanding of this phenomenon and to 
yield substantial economic gains. The naturally oc¬ 
curring plant hormones are known to regulate the 
process of ripening'. Ethylene, a key hormone, is 
known to trigger ripening in fruits such as apples, 
pears and bananas-- Indoleacetic acid delays the 
onset of climacteric in pears and bananas'', while gib- 
berellic acid and cytokinins have been reported to 
delay the ripening of tomatoes and mangoes' I Ab¬ 
scisic acid (ABA) has been shown to promote ripen¬ 
ing in tomatoes^ mangoes'-and grapes^ Earlier ob¬ 
servations from this laboratory showed that post-har¬ 
vest treatment of mangoes with ABA at 10~^' M con¬ 
centration induces ripening^ The present investiga¬ 
tion was undertaken with a view to examining the 
mode of action of ABA during ripening of mangoes. 

Mangoes {Mangifera indica L. cv. alphonso) were 
purchased from the Bulsar district of Gujarat State 
and treated with ABA as described earlier^ Sac¬ 
charides and acids were extracted and estimated as 
described by Palejwala et al.^ Cell-free extract was 
prepared as reported earlier'. Glucose-6-phosphatase 
(G6Pase, EC 3.1.3.9) was assayed by the method of 
Swanson'", fructose-I, 6-bisphosphatase (FDPase, 
EC 3.1.3.11) as described by Rao and Modi" and cy¬ 
tosolic malate dehydrogenase (MDH, EC 1.1.1.37) as 
described by Ochoa'I Bradford’s method'"' was em¬ 
ployed for estimating protein. Protein synthesis in 
mangoes was studied by following the incorporation 
of ['*'C]-chlorella protein hydrolysate into proteins as 
described by Palejwala et < 2 /."' 

Sugars are an important constituent of the fruits. 
The maintenance of appropriate sugar-to-acid bal¬ 
ance contributes mainly to the appealing flavour'^ 
The levels of total acids during ripening decrease 
with a concomitant increase in the total sugar content 
of mangoes. The involvement of gluconeogenic proc¬ 
ess is evident during ripening of mangoes". Cell-free 
extracts of the fruit tissue have shown to convert or¬ 
ganic acids to sugars'^. Citric acid and malic acid are 
the major acids of the mangoes'^. The metabolism of 
malic acid takes place faster than that of citric acid'^. 
As shown in Table 1, ABA-treated mangoes showed 
higher content of sugars and lower acids compared to 
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Table i. ,Levels of glucose, fructose, sucrose, total sugar, acids and the sugar: acid ratio in Alphonso mangoes treated 

with ABA, cycloheximide and a combination of both. 


Levels* (in g%) of 


Treatment given 
to mangoes 

Sucrose 

Fructose 

Glucose 

Total 

sugar 

Acids 

Sugar: 

acid 

None 

5.8 

2.9 

2.2 

10.0 

0.66 

12.2 

ABA (10 '’ M) 
Cycloheximide 

8.0 

4,1 

1.6 

13.3 

0.2 

53.7 

(1 mg/ml) 

1.4 

1.3 

3.6 

5.9 

1.8 

3.2 

Cycloheximide + ABA 

1.9 

1.3 

3.8 

6.3 

1.4 

4.5 


* Values are mean of five different sets of experiments. 

the controls. The level of sucrose, fructose and total 
carbohydrates increases by 39%, 41% and 32% re¬ 
spectively, compared to the untreated controls, 
whereas the level of glucose was lowered by 36%. 
The lower level of glucose indicates that it is possi¬ 
bly being utilized for sucrose production. The level 
of total acids, as measured in terms of malic acid, 
was 3.3-fold lower in ABA-treated mangoes com¬ 
pared to the untreated counterparts. ABA-treated 
fruits showed 4.4-fold higher sugar-to-acid ratio 
compared to the controls, suggesting as one of the 
possibilities enhanced conversion of acids to sugars 
and thereby rendering fruits more sweet. Cyclo- 
heximidc-treated fruits exhibited higher levels of 
acids and lower level of total carbohydrates. The 
sugar-to-acid ratio was also suppressed in presence 
of cycloheximide. ABA treatment could not reverse 
the antibiotic effect. 

The activities of some of the sugar-metabolizing 
enzymes, viz. FDPase, G6Pase, and MDH were ex¬ 
amined. As observed in Table 2, ABA treatment ele¬ 
vated the levels of MDH, FDPase and G6Pase by 2.9- 
fold, 1.7-fold and 2.3-fold respectively, compared to 
the controls. Cycloheximide-treated fruits showed 
lower levels of all enzymes and ABA treatment could 
not reverse the antibiotic effect. 

The increase in activities of various enzymes dur¬ 
ing ripening indicated an involvement of protein syn¬ 
thesis during ripening. Moreover, the inhibition of 


Table 2. Levels of some of the sugar metabolizing enzymes 
in alphonso mangoes after treatment with 
ABA, cycloheximide and a combination of both. 


Treatment given 
to mangoes 


Specific activities* of 

Gluco.se-6- 

phosphatase 

Fructose-1, 6- 
bisphosphatase 

Malate 

dehydrogenase 

None 

0.22 

1.7 

14.0 

ABA (10'’M) 

0.51 

2.9 

26.6 

Cycloheximide 

0.14 

1.05 

6.8 

(1 mg/ml) 




Cycloheximide + 

ABA 0.17 

1.15 

10.6 


^Specific activity is defined as the unit per mg protein under experi¬ 
mental conditions. 


ripening process in presence of protein synthesis in¬ 
hibitor, cycloheximide'^ also supported the view that 
the process of ripening is associated with the process 
of protein synthesis. X possible involvement of pro¬ 
tein synthesis in the ripening process was studied by 
monitoring the rate of incorporation of a radioac- 
tively labelled amino acid into proteins. Figure 1 
shows that the incorporation of [‘‘^CJ-chlorella pro¬ 
tein hydrolysate into TCA-insoluble fraction in¬ 
creased by about 15% on the 2nd day of ripening 
which coincided with the respiratory climacteric*^ and 
then declined. The TCA-insoluble fraction of ABA- 
treated fruits showed 15%) less incorporation on the 
2nd day of ripening compared to the controls, possi¬ 
bly because ABA-treated fruits showed high meta¬ 
bolic activities and increased softening such that the 
isotope might get channelized to other metabolic 
processes. Since 1'‘'C|-chlorella protein hydrolysate 
contains 19 uniformly labelled amino acids, the pos¬ 
sibility of a particular amino acid channelizing for 



Figure 1, Incorporation of ["*C]-chlorella protein hydrolysate during 
different days of ripening of control (•-•) and ABA-treated (A-A) 
mangoes. Values expressed are a result obtained from five different 
fruits. 
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the formation of other metabolites would be higher, 
e.g. leucine as a precursor for carotene biosynthesis, 
glutamic acid gets converted to y-amino butyric acid 
and then gets incorporated into the TCA cycle’^- 
ABA treatment accelerates these processes, thus ex¬ 
plaining lower incorporation of radiolabelled amino 
acid into proteins. Moreover, cycloheximide has 
been shown to inhibit the ABA-induced incorpora¬ 
tion of the isotope during ripening of langra man¬ 
goes'^ suggesting that ABA action is mediated via 
protein synthesis. 

Thus these results establish that ABA treatment 
enhances ripening of mangoes without causing any 
deleterious effects and at the same time increases 
their eating quality. Its action is mediated via protein 
synthesis- It is not clear at this stage whether ABA 
stimultes the synthesis of any specific enzyme(s) in¬ 
volved in the process of ripening, or whether it pro¬ 
motes the synthesis of a proteinic factor which indi¬ 
rectly governs the activity of all the enzymes re¬ 
quired for the process. 
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Occurrence of vesicular-arbuscular 
mycorrhizal fungi in some 
Cymbopogon species of 
north-east India 

M. (Phukan) Barthakur and D. N. Bordoloi 

Department of Medicinal dnd Economic Plants, Regional Research 
Laboratory, Jorhat 785 006, India 

Vesicular-arbuscular mycorrhizal associations 
were observed in many aromatic Cymbopogon spe¬ 
cies cultivated in north-east India. Among them 
Cymbopogon citratus Stapf. show^ed maximum 
colonization (82.2%). Arbuscules, the functional 
units of mycorrhizal colonies, were also observed 
in four Cymbopogons tested. 

As a component of rhizosphere the vesipular-arbus- 
cular mycorrhizal fungi (VAM) help the host plant in 
uptaking nutrients particularly phosphorus'* “ for 
which the vegetative growth of plant species in¬ 
creases considerably. VAM associations were also 
observed in many .aromatic plants^’However re¬ 
ports on such mycorrhizal associations are not ade¬ 
quately available on aromatic Cymbopogon species 
cultivated most extensively in different regions of 
north-east India. 

In this study seven Cymbopogon species were 
screened for VAM association. Species were col¬ 
lected from the experimental farm of Regional Re¬ 
search Laboratory, Jorhat, where soil is silty clay 
loam with pH 4.8 and available N, P, K as 0.037, 
0.009 and 0.006% respectively. 

These were Cymbopogon winterianus Jowitt, C. 
martini Stapf. var motia, C. flexuosus Stapf, C. 
citratus Stapf, C. flexuosus (Nees ex Steud) Wats, 
vdiX-sikimensis, C. khashianus (Hack) Stapf (ex Bor), 
C. jwarancusa Schulf. These Cymbopogons were 
commercially important for their respective constitu¬ 
ents, viz. citronellal, citronellol, geraniol, citrol, 
methyl eugenol, etc. 

Randomly selected 1 cm root segments of each 
plant species were cleared in 10% KOH solution and 
stained with 0.05% trypan-blue in loctoglycerol as 
described by Phillips and HaymanL The per cent 
colonization was determined by following the slide 
technique^. 

Distinct variations in per cent colonization of 
VAM fungi, the presence of vesicles and arbuscules 
were noticed. Among the species C. citratus showed 
maximum VAM fungal colonization with moderate 
presence of vesicles (Figure 1) and arbuscules. The 
presence of vesicles was quite high in C. winterianus 
(Figure 2), moderate in C. citratus and C. flexuosus 
sikimensis., scanty in C. flexuosus and absent in C. 
khashianus, C. jwarancusa Siud C. martini var motia. 
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are in progress. 
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Phenols and lipids in mycorrhizal and 
non-mycorrhizal roots of Sesamum 
indicum 


T. Selvaraj and G. Subramanian"*" 

Departmenl of Bolany, A. V. V. M. Sri Pushpam College, 
Poondi 613 503, India 

Departmenl of. Bolany, Bharalhidasan University, 
Tiruchirapalli 620 024, India 


Figures 1 and 2. I, Vesicles with VAM inyeelia in the roots {.)(C'ywhopo- 
yon ritrafiis (x70). 2, Vesicles in the roots ofC. wimerianns (x70). 

On the other hand the functional units, the arbus- 
cules, were also present in most of the tested 
Cynihopoifon.s except in three cases (Table 1). 

Interestingly all the Cynihoposion species that 
showed high per cent of VAM colonization are very 
common in the acidic soil which may be one of the 
reasons in obtaining higher herb yield with increased 
percentage of essential oil contents. 

Further studies on relative merits of VAM asso¬ 
ciation on these species in relation to different doses 
of phosphorus and plant growth, oil yield and quality 


Table 1. Percent colonization of VAM fungi in root.s of different 
Cynthopoyon .species 


Specic.s 

VAM 

colonization 
in root.s (%) 

Vescicles 

Arbusculcs 

Cymhopoyon winterianiis 

75.5 

+++ 

++ 

C. martini var motia 

40.2 

Nil 

+ 

C. fle.xnosus 

75.5 

+ 

+ 

C. citratus 

80.2 

++ 

++ 

C.fle.xuosLis var sikiniensis 

12.0 

++ 

Nil 

C. khashianus 

75.7 

Nil 

Nil 

C. jwarancusa 

50.4 

Nil 

Nil 


Mycorrhizal inoculation resulted in a significant 
enhancement of the percentage of infection, dry 
matter and phenolic content of plants in sterilized 
soils compared to others. Histochemical studies 
revealed an accumulation of different types of lip¬ 
ids and phenolic compounds in VAM structures; 
particularly neutral lipids and catechol tannins in 
vesicles. It is suggested that the reports on in¬ 
creased amounts of lipids and phenols in mycor¬ 
rhizal plants could be the contribution of fungal 
structures. 

Rpsearc’u in the last few decades has established that 
vesicular-arbuscLilar mycorrhiza (VAM) can improve 
plant growth through increased uptake of mineral 
nutrients. However, recent studies suggest that VAM 
infection may change the biochemical composition of 
the host plant. Information on the effects of VAM on 
histochemical and biochemical composition of the 
host plant is limited'. A few studies have shown that 
considerable differences exist between mycorrhizal 
and non-mycorrhizal plants with respect to total car¬ 
bohydrates-' \ amino acids*^, lipids'^"^ and phenols‘^' 
The present work relates to the effect of Glomus fas- 
ciculatum infection on phenolics and lipids in the 
roots of Sesamum indicum L. var. Co-1 plants. 

A pot culture experiment was conducted using 
phosphorus-deficient (5 mg of available P kg“' of soil 
extracted with NH^F and HCl), sandy loam soil with 
pH 7.2. Soil was sterilized in an autoclave for 3 h at 
15 psi pressure for three consecutive days. Pots (15 


+ Scanty, ++ Moderate, +++ High. 



< . ,•.> 


Figures 1 - 6. Hisiochemical characteristics of VAM structures in sesame roots. 1, Hyphae and arbuscules positive for neutral lipids 
( —> ) with Sudan dyes (x 340), 2, Hyphae and young vesicle positive for neutral lipids ( —> )with oil red ‘O' (x 240). 3, Hyphae and 
young vesicles positive for phospholipids ( —> ) with Nile blue (x 240). 4, Hyphae and pelotons, positive for phenolics ( '-^ ) (x 180). 
5 & 6, Vesicles and young spore strongly positive for phenolics (catechol tannins) with nitroso reaction (x 180), (x 340). 
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Table L Percentage of mycorrhizal infection, dry matter and phenol content of the mycorrhizal and non-mycorrhizal 

sesame roots (mean of 5 replicates). 


Treatments 

Mycorrhizal 

infection 

(%) 

Plant dry matter 
g/plant 

Shoot Root 

Total phenol 
pg/g/fresh 
weight sample 

0-D phenol 
pg/g fresh 
weight sample 

Sterilized 






Un inoculated 

0 

2.05 

0.224 

277.0 

73.8 

Inoculated 

94 -I- 1.0 

3.82 

0.288 

388.0* 

139.8* 

Unstcrilized 






Uninoculaied 

59 -H 3.2 

2.15 

0.235 

298.0 

87.6 

Inoculated 

79 1.9 

3.00 

0.265 

320.0 

93.2 

SEM + 

ND 

0.35 


20.6 

9.5 

CD at 5% 

ND 

l.ll 


44.9 

20.8 


Values statistically significant. ND, Not determined. 


cm diameter) were filled with 3 kg soil each of either 
sterilized or unsterilized soil. Mycorrhizal inoculum 
contained extramatrical chlamydospores (350 spores 
per 50 ml) and root segments of Cenchrus sp. in¬ 
fected with Glomus fasciculatum (Thaxster) Gerde. 
and Trappe grown for 90 days. The inoculum was 
placed 2 cm below the soil surface before sowing the 
seeds to produce mycorrhizal plants. Two healthy 
seeds of sesame were sown in the centre of each pot. 
The plants were maintained in a cage house. Plants (5 
replicates) were harvested after 60 days. Shoot and 
root dry weights were recorded. Mycorrhizal infec¬ 
tion of the root" was assessed. Fresh root samples 
were ground well and extracted with ethanol'^. From 
the extract thus obtained totaP' and r;/*// 2 ^;-dihydroxy 
(0-D)'"^ phenols were estimated. Fresh roots were 
mounted on 1 cm diameter brass Cryostat specimen 
plates and quickly frozen with ice. Sections of roots 
about 15 pm thick were cut longitudinally in a Cry¬ 
ostat Microtome (Bright Instrument Company Ltd, 
England). Sections were stained with 0.05% toluidine 
blue 'O’ in benzoate buffer at pH 4.4 for 5 min”'^ and 
nitroso reaction test for phenols and oil red 
Nile blue" and Sudan dyes" methods for lipids. Ap¬ 
propriate controls were run with duplicate tissue in 
both lipids" and phenols'"^ test. 

Mycorrhizal infection and dry matter, as a result 
of mycorrhizal inoculation showed very significant 
enhancement with sterilized soil (Table 1). Even in 
uninoculated, unsterilized soil, there was some in¬ 
crease in plant dry matter compared to the uninocu¬ 
lated sterilized soil. Total and 0-D phenols were 
maximal in inoculated sterilized soil compared to 
uninoculated controls (Table 1). In unsterilized soil 
without inoculation, the increase in phenols com¬ 
pared to the uninoculated sterilized soil was only 
marginal. Although, the native VAM species in un¬ 
sterilized soils brought about an increase in phenols, 
the inoculation of VAM resulted in very significant 
enhancement. In histochemical studies, lipids in ves¬ 
icles and hyphae reacted positively to a variety of 
reagents that have an affinity for neutral lipids (Fig¬ 
ure 1-3). The vesicles and arbuscules were distinctly 


rich in different types of lipids and phenolic com¬ 
pounds (Figures 4-6). Vesicles showed relatively 
higher amounts of neutral lipids (Figure 3) and cat¬ 
echol tannins (Figures 5 and 6). A similar abundance 
of phenols especially 0-D phenols and neutral lipids 
in VAM structures was reported by Krishna and Bag- 
yaraj‘‘’ and NemecL 

The mycorrhizal inoculation has been reported to 
impart resistance to the host against disease-®. Resis¬ 
tance to pathogens has been correlated with the phe¬ 
nol content of roots-k Histochemical study suggested 
that the higher amounts of phenols and lipids ob¬ 
served in mycorrhizal plants might be the contribu¬ 
tion of the fungal structures. The lipids synthesized 
by the fungus appear to serve a dual role of a growth 
sink for the fungus and a storage sink of energy for 
the hosF. 
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Identiflcation of chromosome seg¬ 
ments and structural heteromor¬ 
phism in Cocculus villosus DC. 

D. Chattopadhyay and A. K. Sharma 

Centre of Advanced Study in Cell and Chromosome Research, 
Department of Botany, University of Calcutta, 35, Ballygunge 
Circular Road, Calcutta 700 019, India 

Application of modified orcein banding technique 
aided identification of chromosome segments in fe¬ 
male Cocculus villosus, Heteromorphic pairs in re¬ 
lation to banding pattern could be distinguished in 
all female plants studied. Cryptic structural 
heterozygosity is indicated. Correlation with sex is 
under study. 

The identification of chromosome segments has been 
much facilitated in recent years through the study of 
Giemsa-stained bands in chromosomes. Compared to 
the mammalian system.,, the response of plant chro¬ 
mosomes to the banding technique is rather 
meagre^ In recent years orcein-bands too have 
been utilized for locating differentiated chromosome 
segments"’Such differentiations in the plant sys¬ 
tem mostly involve C-bands restricted either to the 
centromeric or telomeric loci, or occasionally, inter¬ 
calary segments. In addition to Giemsa C-bands, 
feulgen-stained bands have also been reported in a 
few cases in plants-^’^ 

However, one of the serious limitations of the 
banding technique in plants is the difficulty of secur¬ 
ing the manifestation of identical chromosome seg¬ 
ments in all homologous pairs. Moreover, most of 
these techniques worked out so far do not resolve 
clearly the intercalary bands so essential for identify¬ 
ing the fine structures of chromosomes. The present 
paper deals with the application of a new method in 
bringing out structural heteromorphism in species of 
Menispermaceae. 

In order to work out the intercalary banding pat¬ 
terns in chromosomes, root-tips of Cocculus villosus 
DC., a species of the family Menispermaceae were 
pretreated for 3 h in saturated aqueous mixture of 
paradichlorobenzene and aesculine at 14-16“C and 
fixed overnight in acetic-ethanol (1:3). The fixed 
root tips were hydrolysed in 1 N HCl for 10-12 min 
at bO^C. After thorough washing, the root tips were 
kept in 45% acetic acid for 2-3 min and then stained 
in 2% acetic-orcein for 2-3 min at 60°C. The root tips 
were then kept in the stain for 3 h at room tempera¬ 
ture and finally squashed in a drop of 45% acetic 
acid. This technique, worked out recently", does not 
require the use of Trypsin or SSC as utilized in ear¬ 
lier papers"’" to secure orcein banding. 

Somatic chromosome number is 2«=26 in this spe¬ 


cies. There are two pairs of chromosomes (pair nos.l 
and 6) with secondary constrictions. Most of the 
chromosomes are nearly metacentric to submetacen- 
trie in nature. All chromosomes show dark bands at 
the telometric end of both arms except chromosome 
pair nos. 9 and 10. Pair no. 1 shows two dark bands 
and one light band on the long arms. The chromo¬ 
some pair nos. 2, 3, 9 and 10 are heteromorphic for 
orcein-bands (Figure 1, see next page). The bands 
differ in relation to size, positions and stainability. 
The pairs 4, 5, 7, 11 and 12 are homomorphic. But 
even then, the thickness and gap between the telom¬ 
eric and intercalary bands on the long arms differ 
considerably among these pairs (Figure 1). 

The idiogram on which the heterochromatic bands 
are represented allows an easier identification of the 
chromosomes. 

The technique adapted in the present study util¬ 
izes only acid treatment for the manifestation of 
orcein-positive bands in the chromosomes. The 
orcein bands involve interaction with the nucleopro- 
tein linkage in the chromosomes" ". As with Trypsin 
and SSC, prolonged acid treatment at 60“C too possi¬ 
bly affects this protein nucleic acid bonding. 

The consistent presence of such heteromorphic 
pairs in all female plants of a population so far exam¬ 
ined indicates clearly a balanced but cryptic 
heterozygosity in nature. The maintenance of such 
heterozygosity may suggest some selective value. 
Population studies from different areas may further 
indicate the extent to which populations differ in re¬ 
lation to such heterozygosity. The efficacy of the 
technique in bringing out intercalary bands and struc¬ 
tural heteromorphism makes it an important tool in 
the analysis of cryptic chromosomal polymorphism. 
Efforts are under way to identify the chromosome 
segments in male plant and its relationship with the 
female counterpart. 
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Figure 1. Orcein-banding patiernin chromosomes of Cocculus vUIosks DC. a, Mctapha.se plate {x 4600)./>, Karyotype with orcein-banding 
pattern (x 4600}. c, Idiogram ol'Cocculus viHasus and 0-banding pattern. ■ Inten.sely stained regions, [O Intermediately stained regions, 
□ Pale stained regions. 
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Influence of light on diosgenin 
and sterol production in 
Dioscorea deltoidea callus 

G. A. Ravishankar* and S. Grewal 

Plant Tissue Culture Section, Regional Research Laboratory, 

Jammu Tawi 180 001, India 

^Present address: Autotrophic Cell Culture Discipline, 

Central Food Technological Research Institute, Mysore 570 013, 

India 

Dioscorea deltoidea callus exposed to blue or red 
or white light was superior to dark-incubated cul¬ 
tures in terms of growth of tissues and diosgenin 
and sterol production on absolute basis. Blue light 
enhanced diosgenin whereas red light inhibited the 
same. Moreover, blue light could reverse the in¬ 
hibitory effect of red light on diosgenin and sterol 
production. The maximum increase in production 
of diosgenin and sterol was 2.0-fold and 1.5-fold 
respectively in a treatment with 15-day exposure 
to blue light followed by a dark period. 

There is increasing interest in industrial production 
of secondary metabolites by plant tissue and cell cul¬ 
ture methodsPharmaceutical compounds produced 
by these methods command greater attention than 
other chemicals-. Extensively studied parameters for 
growth of cultured cells and metabolite production 
are tissue or cell characteristics, media composition, 
temperature, dissolved oxygen, pH and conductivity. 


Secondary metabolite production is also influenced 
by quality and quantity of lightl In this communica¬ 
tion we report the influence of quality of light on 
diosgenin and sterol production in callus cultures of 
Dioscorea deltoidea. 

Seedlings of D. deltoidea collected from the Ka¬ 
shmir valley were germinated aseptically. The callus 
was initiated from hypocotyls of 10-day-old seed¬ 
lings on modified MS medium"’ supplemented with 1 
mg/1 2,4-D and 3% sucrose and maintained on the 
same medium by regular subcultures of 45 days inter¬ 
val in continuous light of 3000 lux. The stock cul¬ 
tures were incubated in the dark for 15 days to mini¬ 
mize the carryover effect. Callus masses weighing 
300 ± 10 mg were transferred on to the MS medium 
and incubated under different light conditions for 30 
days. One set of treatment had continuous light for 
30 days, viz. blue (475-500 nm), red (680-720 nm), 
white light and dark period. The other sets had 15 
days of one type of light followed by 15 days of the 
other, viz. red/blue, blue/red, dark/blue, dark/red, 
red/dark and blue/dark. In all the experiments cul¬ 
tures were exposed to light intensity of 2000 lux. 

The growth of callus was measured after 30 days 
in terms of fresh and dry weight. Dry weight was re¬ 
corded after drying the tissue in hot air oven at 60"C 
to constant weight. The harvested tissues were dried 
and powdered. One gram dry powder was soxhlet-ex- 
tracted^ with petroleum ether (30-50“C) for 24 h. The 
extract was evaporated and examined for free ste¬ 
rols^’. The residual cells were hydrolysed by refluxing 


Table 1. Eflect of light on diosgenin and sterol production in cultured tissues of D. deltoidea. 


Light* 

Callus*' 

DiOvSgenin 


Sterol 


Fresh weight' 
mg/culture 

Dry weight 
mg/culture 

% 

mg/culture 

% 

jig/culture 

1. White 

3869 

182 

0.56 

1019 

0.81 

1978 

(Control) 

(±225) 

(±1 1) 

(±0.32) 

(±68) 

(±0.028) 

(±124) 

2. Dark 

2345 

116 

0.42 

490 

0.80 

929 


(±150) 

(±9) 

(±0.021) 

(±36) 

(±0.032) 

(±48) 

3. Blue 

4830 

233 

0,66 

1526 

0.82 

1908 


(±363) 

(±16) 

(±0.028) 

(±110) 

(±0.019) 

(±95) 

4, Red 

5315 

250 

0.51 

1275 

0.74 

1847 


(±421) 

(±15) 

(±0.032) 

(±98) 

(±0.032) 

(±125) 

5. Red/blue 

4982 

250 

0.63 

1572 

0.87 

2175 


(±390) 

(±17) 

(±0.035) 

(±125) 

(±0.03) 

(±150) 

6. Blue/red 

5756 

240 

0.37 

880 

0.66 

1586 


(±442) 

(±15) 

(±0.017) 

(±62) 

(±0.035) 

(±85) 

7, Dark/blue 

3136 

157 

0.98 

1532 

1.54 

2418 


(±223) 

(±8) 

(±0.050) 

(±132) 

(±0.065) 

(±115) 

v8. Dark/red 

3187 

172 

0.66 

1147 

0.77 

1324 

\ 

(±195) 

(±11) 

(±0.042) 

(±98) 

(±0.073) 

(±114) 

9. Red/dark 

4230 

285 

0.45 

1271 

0.96 

2747 


(±412) 

(±14) 

(±0.012) 

(±92) 

(±0.054) 

(±213) 

10. Blue/dark 

3602 

322 

0.64 

2060 

0.95 

3052 


(±267) 

(±22) 

(±0.039) 

(±152) 

(±0.048) 

(±242) 


^ Data represent an average of 5 replicate cultures (30 day old). Figures in parentheses are standard errors. 
^ Initial inoculum 300 ± 30 mg fresh tissue. ' In treatments 5-10 each phase was 15 days (details in text). 
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with 10% HCl for 2 h, cooled and filtered. The resi¬ 
due was washed first with water and then with 0.1 N 
NaOH and finally with water to neutrality. The resi¬ 
due was then dried at 60 C, powdered and soxhlet- 
extracted with CHCl^ for 48 h. The CHCl^ extract 
was evaporated and the diosgenin and bound sterols 
were quantified by comparing O.D. values with the 
standard curve constructed by preparative TLC 
method\ 

Exposure of D. deltoidea callus to any kind of 
light, i.e. blue, red or white was superior to dark in¬ 
cubated cultures for growth of tissues and production 
of diosgenin and sterols on culture basis (Table 1). 
Cultures grown under blue or red light alone reached 
higher growth values than those grown under white 
light. Continuous blue light was beneficial for dios¬ 
genin production and did not affect sterol content 
markedly over the control (treatment 3). Increase in 
production of diosgenin over the control under blue 
light was by a factor of 1.17 and \.5 on percentage 
and absolute basis respectively. Red light inhibited 
diosgenin and sterol percentage but on absolute basis 
the production was at par with control (treatment 4). 

Similar stimulatory effect of blue light on antho- 
cyanin synthesis in Haplopapus i^racilis was re¬ 
ported by Reinert et aid They also found red light to 
have no effect on anthocyanin synthesis. It is inter¬ 
esting to note that in the treatments with blue light 
(Table 1) at second phase (i.e. treatments 5,7) or blue 
light followed by dark phase (treatment 10) there was 
increase in diosgenin percentage by 1.1- 1.75-, 1.28- 
folds respectively. Similarly, percentage of sterols 
increased in these treatment over the control. It was 
clear from treatment 5 that blue light could reverse 
the inhibitory effect of red light on diosgenin and 
sterol production. Kadkade and Andrade^ • showed that 
fluorescent light influences diosgenin synthesis in 
Dioscorea spp. over the cultures grown in dark. Both 
enhancemenf^ and inhibitive'^’ effects of red light on 
growth have been reported from Pcdargonium zenale 
and Daucus carota respectively. It is clear from this 
study that quality of light influences the diosgenin 
production and blue light influences diosgenin syn¬ 
thesis more markedly than red light. 

This study establishes that enhancement of growth 
of D. deltoidea and diosgenin as well as sterol pro¬ 
duction is possible by exposing culture to blue light 
which can be adopted in large scale production sys¬ 
tems. 
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Cardol: The antifilarial principle 
from Anacardium occidentale 

M. Suresh and R. Kaleysa Raj 

Department of Biochemistry, University of Kerala, 

Trivandrum 695 581, India 

Cardol, a phenolic compound isolated from cashew 
nut shell, showed pronounced antifilarial activity. 
The hydroxyl groups and the alkyl side chain were 
found to be necessary for activity. Compared to di- 
ethylcarbamazine that was active at a concentra¬ 
tion of 350 ppm(LC,pQ), cardol was active at as low 
a concentration as 3.5 ppm (LC^^q). Cardol given 
orally was tolerated up to a concentration of 5 g/kg 
body weight in laboratory rats. 

Filariasis is a major tropical disease. More than 400 
million people in the world are infected by filarial 
parasites, Wuchereria hancrofti and Brugia malayi, 
the two common filarial parasites causing filariasis 
in the Asiatic region are estimated to infect around 
800 million people’. Although the mainstay of ther¬ 
apy and control of filariasis is the drug 1-diethylcar- 
bamyl-4-methyl-piperazine (DEC), by itself it does 
not provide a complete cure and is also reported to 
have harmful side effects-. Consequently consider¬ 
able research has been taken up to develop an alter¬ 
native to DEC'’"’\ The anthelmintic activities of many 
indigenous materials have already been reported^"^ 
In a recent study, Anacardium occidentale was found 
to be the most active among 28* medicinal plants 
screened for antifilarial activity. Among the com¬ 
pounds reported from cashew nut shell liquid, our 
studies showed the antifilarial activity to cardol. 
Investigations on the isolation, detection of activity 
and certain structural studies form the subject matter 
of this paper. 

The filarial parasite of cattle was used as the test 
organism. This was specially selected for the in vitro 
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Table 1. List of plants screened for antifilarial activity. 


Plant 

Part used 

Activity 

Achyranthes aspera 

Leaf 

- 

Adhatoda vasika 

Leaf 

- 

Allium cepa 

Bulb 


Allium sativum 

Bulb 


Alstonic scholaris 

Leaf 

- 

Anacardium occidentale 

Seed shell 

+ 

Ananas sativus 

Leaf 

+ 

Andrographis paniculata 

Leaf 

+ 

Bamhusa arimdinancea 

Leaf 

- 

Calotropis gigantea 

Leaf 

+ 

Cuscuta reflexa 

Stem 

- 

Cymhopogon citratus 

Leaf 

+ 

Datura fastuosa 

Fruit 

+ 

Guasuma tomentosa 

. Leaf and fruit 

- 

Hemidesmus indicits 

Root 

+• 

Hydrocotyle asiatica 

Leaf 

- 

Ichnocarpus fruitescens 

Leaf 

- 

Lichin odoriferous 

Leaf 

- 

Melia azadirachta 

Leaf 

+ 

Ocimum sanctum 

Leaf 


Piper nigrum 

Leaf 

+ 

Ricinus communis 

Leaf and seed 

- 

Sida cordifolia 

Root 

+ 

Tahernaemontana dichotoma 

Fruit 

+ 

Trachyspermum ammi 

Seed 

+ 

Trigone lla foenum-graeceum 

Seed 

-- 

Vitex negundo 

Leaf 

+ 

Vitis vinifera 

Leaf and stem 



+ Indicates antifilarial activity; - indicates no activity. 


Study because of its established similarity to the 
human filarial parasite W, hancrofti and B. malayi in 
anatomical and biochemical features' and the ex¬ 
treme difficulty of getting the adult human parasites. 
Setaria digitata was collected from the local slaugh¬ 
ter house in Tyrode solution (composition w/v: so¬ 
dium chloride 0.8%, potassium chloride 0.02%, cal¬ 
cium chloride 0.02%, magnesium chloride 0.01%, so¬ 
dium bicarbonate 0.015%, sodium dihydrogen phos¬ 
phate 0.05% and glucose 0.5%). 

The list of medicinal plants selected was prepared 
from the Indian Materia Medica^ and from discus¬ 
sions we had with local Ayurvedic (Indian System of 
Medicine) physicians. Plants were collected and 
identified according to Ganble^. 

The antifilarial activity was carried out by the in 
vitro technique. Three worms in 100 ml Tyrode solu¬ 
tion were used in all the experiments. The anthelmin¬ 
tic studies were conducted by crushing known quanti¬ 
ties of the fresh plant preparations in Tyrode solution 
in preliminary trials. Those that showed activity 
against the parasite were investigated further and the 
concentrations required to get complete mortality in 
6 h was determined. 

The cashew nut shell was extracted with petro¬ 
leum ether, solvent ether and ethanol successively. 
The activity against the parasite was determined as 
the concentrations required to produce complete mor¬ 


tality (LCjjjo) in 6 h. 

The solvent ether extract found to be the most ac¬ 
tive was further fractionated. The extract was dried, 
suspended in water, neutralized using sodium bicar¬ 
bonate and exhaustively extracted with ether. The 
ether extract after removal of the solvent gave the 
phenolic fraction. The mother liquor was then acidi¬ 
fied with dilute HCl and exhaustively extracted with 
ether. The ether was then removed which gave the 
acid fraction. Activity studies were carried out with 
these two fractions. The phenolic fraction, on passing 
through alumina column, gave a major compound 
with some minor ingredients. The major compound 
was identified to be cardol. The benzoyl derivative of 
cardol was prepared by standard methods. Controls 
were maintained for all the experiments by suspend¬ 
ing the worm in drug-free medium. The chemicals 
and reagents, used were of highest quality available. 
DEC was purchased from Sigma Chemical Co, USA. 

Among the 28 medicinal plants screened, antifi¬ 
larial activity was detected only in 15 (Table 1). The 
active plants were further investigated and the mini¬ 
mum concentration required for eliciting action 
against S. digitata was determined. The results are 
shown in Table 2. A. occidentale was found to be the 
most active one with of 25 ppm. Systematic 

study located the activity to the solvent ether frac¬ 
tion. When further fractionated into bicarbonate sol¬ 
uble and insoluble fraction, most of the activity was 
located in the insoluble fraction. The insoluble frac¬ 
tion that proved to contain phenols was then sepa¬ 
rated by column chromatography in which the major 
and most active component turned out to be similar 
in properties to cardol, a phenolic compound re¬ 
ported from cashew nut shell liquid'^. Spectroscopic 
studies confirmed the structure of the active antifilar¬ 
ial component to be cardol. The bicarbonate soluble 


Table 2. Concentration of fresh plant materials for 
complete mortality of the parasite in 6 h. 


Plant 

Part used 

Concentration 

(ppm) 

Anacardium occidentale 

Seed shell 

2.5 

X 

10' 

Allium sativum 

Bulb 

6.0 

X 

10= 

Trachyspermum ammi 

Seed 

4.3 

X 

10= 

Vitex negundo 

Leaf 

4.8 

X 

10= 

Ananas sativus 

Leaf 

5.2 

X 

10= 

Allium cepa 

Bulb 

7.0 

X 

10= 

Cymhopogon citratus 

Leaf 

7.5 

X 

10= 

Melia azadirachta 

Leaf 

8.2 

X 

10= 

Piper nigrum 

Leaf 

1.2 

X 

10^ 

Hemidesums indicus 

Root 

1.5 

X 

10^ 

Tahernaemontana dichotoma 

Fruit 

2.0 

X 

10^ 

Calotropis gigantea 

Leaf 

2.7 

X 

10^ 

Sida cordifolia 

Leaf 

3.1 

X 

10^ 

Andrographis paniculata 

Leaf 

4.6 

X 

10^ 

Datura fastuosa 

Fruit 

5:0 

X 

10^ 

Average of six experiments. 
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Table 3. Conceniration of various compounds required 
for complete mortality of the parasite in 6 h. 


Compound 

Conceniration (ppm) 

Anacardic acid 

1000 

Cardol 

3.5 

Benzoyl derivative of cardol 

100 

Resorcinol 

250 

DEC 

350 


Average of six experiments. 


fraction, which turned out to be anacardic acid was 
active at a concentration of 1000 ppm while cardol 
was active at comparatively very low concentration 
of 3.5 ppm. The concentration worked out for resor¬ 
cinol was 250 ppm and that for the benzoyl, deriva¬ 
tive of cardol, 100 ppm. The above experiment was 
repeated with the standard drug DEC and the com¬ 
parative results are given in Table 3. 

Cashew nut shell liquid was reported" to contain 
mainly anacardic acid (82%), cardol and 2-methyl 
cardol (16.5%). The structures of anacardic acid and 
cardol are given in Figure'1<2 and h respectively. It is 
clear that both the compounds have hydroxyl group 
in position 1 and alkyl side chain in position 3 of the 
benzene ring. The only difference is that anacardic 
acid has a carboxylic group iri position 2 while cardol 
has a hydroxyl group in position 5. Lot of studies 
have been carried out on the biological activities of 
A. occidentale^^'^^. While anacardic was reported to 
possess powerful biological properties’^"’^, cardol 
was reported to be a toxic materialOur studies 
showed cardol to be a very powerful antifilarial agent 
while anacardic acid has only very weak antifilarial 
activity. Preliminary studies on laboratory rats fed 
with cardol indicate that cardol was tolerated without 



any visible untoward symptoms up to a concentration 
of 5 g/kg body weight. Hence the statement that car¬ 
dol is toxic warrants further detailed study. 

It was found that both the hydroxyl groups and the 
unsaturated alkyl side chain of cardol are required 
for antifilarial activity. When the activity was stud¬ 
ied with resorcinol lacking the alkyl side chain and 
with benzoyl derivative of cardol lacking the two 
hydroxyl groups, a decrease in activity was observed 
and this is clear from Table 3. 

Many phenolic compounds have been tested and 
used in treating many worm infections. 4-«-hexyl re¬ 
sorcinol (Figure Ic) possess excellent anthelmentic 
properties and because of its low toxicity is recom¬ 
mended as a desirable nematocide and taenicide-*’. 
Cardol differs from hexyl resorcinol only in the alkyl 
side chain. It is speculated that the observation of the 
antifilarial activity of cardol will open up a new era 
in the development of a series of new antifilarial 
agents. 
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Figure 1. Structure of a, anacardic acid; b, cardol; c, hexyl resorcinol. 9 June 1989 
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Polynuclear aromatic hydrocarbons 
in South Indian diet 

S. Narender Sivaswamy, B. Balachandran and 
V. M. Sivaramakrishnan 

Isotope Division, Cancer Institute, Adyar, Madras 600 020, India 

Several commonly consumed food items of South 
India were screened for the presence of polynu¬ 
clear aromatic hydrocarbons (PAHs). Samples 
were extracted with dichloromethane, cyclohexane 
and acetonitrile and PAHs were identified. Chrys¬ 
ene was detected in almost all the samples. Salted, 
sundried and oil-fried ribbon fish, and kashayam 
prepared from cumin seeds, mint leaves and car¬ 
damom, contained chrysene in high concentration. 
Benzo[a: ]pyrene was maximum in ribbon fish, 
while dibenzanthracene was quantified in high 
concentrations in the kashayam and oil-fried chil¬ 
lies. 

Polynuclear aromatic hydrocarbons (PAHs) are a 
group of highly lipophilic chemicals that are present 
ubiquitously in the urban environment as pollutants 
in very small quantities. In general, PAHs are formed 
during combustion, pyrolysis and pyrosynthesis of 
organic matter'. Such thermal degradation products 
have been reported in trace concentrations in tobacco 
smoke, cigarette smoke, marijuana smoke, polluted 
air, water, industrial air, soil sediments, aquatic or¬ 
ganisms, mineral oils and refined petroleum prod¬ 
ucts- ~ \ PAHs have also been identified and quanti¬ 
fied in several food items^" ^ which have been 
proved to be mutagenic and are related to the pre¬ 
dominant form of alimentary tract cancers in Asian 
and Western countries^. Epidemiological studies 
have unequivocally established a relationship be¬ 
tween the occurrence of PAHs and different types of 
cancer'. Since the incidence of stomach cancer is 
high in South India, we have screened several com¬ 
monly consumed food items, such as deep fried 
vathals, salted and sundried fishes and pyrolysed por¬ 
tions of uppuma - a food product of rava, for mu¬ 
tagenicity, which proved positive'^’. We have de¬ 
tected the presence of some of the PAHs in these 
food items, quantified them and the results are. pre¬ 
sented here. 

Five hundred mg of test sample (Table 1) was 
ground well in a pestle and mortar with 10 ml of wa¬ 
ter. This was extracted thrice in a separatory funnel, 
with 40 ml of dichloromethane. The extracts were 
pooled and 5 g of sodium sulphate was added to re¬ 
move lipids and excess water. The clear supernatant 
was decanted and evaporated over a waterbath at 
60“C to 5 ml. Forty ml of cyclohexane was added and 
again evaporated to a minimal volume. This was 
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passed through a silica gel (activated at llO^C for 5 
h) column of 1 x 5 cm size. The resulting solution 
was collected and 1 g of sodium sulphate was added. 
The supernatant was collected and evaporated at 60”C 
to dryness. The residue was dissolved in 0.5 ml of 
acetonitrile and used for HPLC analysis". The ex¬ 
tracted sample (10 ml) was injected into a Shimadzu 
LC 6A HPLC system (steel column, 150 x 4.6 mm, 
Zorbaks-ODS, column temp. 35°C; flow rate 1 ml/ 
min, 254 nm, mobile phase: 100% acetonitrile) and 
PAHs were detected and quantified based on the 
chromatograms of the authentic samples/standards"’. 

Chrysene was detected in almost all the samples 
(Table 1). Ribbon fish contained chrysene as high as 
18.57 pg/g, while kashayam III had 12.61 pg/g. Pyro¬ 
lysed portion of uppuma cox\Vd.\ntd 2.65 pg/g of 
chrysene. In fried mustard, it was very low, 0.07 pg/ 
g. Dibenzanthracene was also high in kashayam III. 
Vathal prepared from Capsicum annum\\i 2 ii\ 27.48 
pg/g of dibenzanthracene, whereas salted and sun- 
dried whitebait fish contained 12.34 pg/g. 
Benzol^/]pyrene was present in kashayam III, vathal 
of Cyamopsis tetragonaloha and in all the sundried 
fishes. Samples of ribbon fish revealed 
benzo[£/ Jpyrene at a high concentration, 60.81 pg/g. 
All the three PAHs were detected and quantified in 
whitebait fish and kashayam III (Table 1). Oil used 
for frying (heated groundnut oil) did not reveal any 
peak which corresponded with that of authentic PAH 
standards. 


Table 1. Polynuclear aromaiic hydrocarbons (PAHs) in food 
substances. 


Food item 

PAHs Concentration 
(ug/g) 

Vathal of: 

Capsicum annum 

Chrysene 

1.995 


DBA 

27.480 

Cyamopsis tetragonaloha 

Chrysene 

0.965 


DBA 

9.540 

Solanum torvum 

BP 

0.060 

Fried mustard 

Chrysene 

0.070 

Salted and sundried fishes: 

Whitebait fish 
(Stolephores hataviensis) 

Chrysene 

4.280 


DBA 

12.340 


BP 

5.730 

Ribbon fish 
(Trichurus leptures) 

Chrysene 

18.570 


BP 

60.810 

Seer fish 

(Scomheromorus commersoimii ) 

Chrysene 

3.570 


BP 

10.290 

Pyrolysed portion of uppuma 

Chrysene 

2.650 

Kashayams (from pyrolysed): 

Cumin seeds + aniseeds 

Chrysene 

0.520 

Cumin seeds + aniseeds + ginger 

Chrysene 

2.011 

Cumin seeds + n^int leaves + cardamon 

Chrysene 

12.610 

DBA 

31.150 


BP 

6.400 


BP, Benzo[(7 jpyfene; DBA, 1,2,5,6 Dibenzanthracene 
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All the test compounds are widely consumed in 
South India. Dimethyl sulphoxide extracts of the 
vathals displayed appreciable mutagenic activity'^’ 
and this can be attributed to the presence of PAHs', 
suggesting that they are formed during deep frying. 
Kosage et al.^~ identified a series of heterocyclic 
amines and aromatic hydrocarbons from pyrolysates 
and ordinary cooked foods. Heterocyclic amines are 
also isolated from broiled sundried sardines'-'^' Our 
results reveal that sundried and salted fishes contain 
the potent carcinogens, chrysene, benzo[fl Jpyrene 
and dibenzanthracene in appreciable concentrations. 
Incidentally, Ikeda et al.^^ reported that people who 
frequently consumed charred fish items exhibited 
high incidence of gastric cancer. Benzo[<x ]pyrene 
and chrysene induce papillomas and carcinomas 
while dibenzanthracene induces sister chromatid ex¬ 
changes and chromosomal aberration in experimental 
animals’. Heterocyclic amines are carcinogenic in 
various organs and most of them are carcigenic in 
two or more organs‘\ There is often a high degree of 
correlation between in vitro mutagenicity and in vivo 
carcinogenicity’^’' Most of the food items we have 
screened, are mutagenic as revealed through Ames 
assay’^’ and the probable causative agents, PAHs are 
detected in this study. We suggest, therefore, that 
PAHs, present in alarming quantities, in the com¬ 
monly and widely consumed food items, may play a 


major role in the high incidence of gastric cancers in 
South India. 
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BOOK REVIEW 


Microbiology reviews 


Annual Review of Microbiology 
1989. Vol. 17. Omston L. N, Balows, 
A, and Greenberg, E. P. eds. Annual 
Reviews, Palo Alto, USA 1989. 682 
pp. $ 38. 


The twenty-three well-organized, up- 
to-date and stimulating articles in 
the book cover microbial ecology, 
molecular biology, microbial metabo¬ 
lism and immunology. I shall only 
mention a few that are of general in¬ 
terest. 

‘The mounting interest in bacte¬ 
rial and viral pathogenicity’ is the 
title of the first article, by H. Smith. 
Identification of virulence determi¬ 
nants by biochemical and genetic 
methods is receiving increasing at¬ 
tention, and these are dealt with in 
detail. However, more work needs to 
be done on the mechanism of mucosal 
invasion and interference with host 
defence mechanisms. 

A topic of great interest to mo¬ 
lecular biologists is the subject of 
the article ‘Role of the DNA/mem¬ 
brane complex in prokaryotic DNA 
replication’ by W. Firschein, espe¬ 
cially since the last detailed review 
of lj)NA/surface interactions was 
written in 1975, It has become clear 
from studies carried out since then 
that the DN A/membrane complex is 
an important cellular component of 
prokaryotic cells involved in DNA 
replication and segregation. The loca¬ 
tion of specific dna gene products in 
the membrane and/or their possible 


dependence on a membrane environ¬ 
ment for activity constitute important 
studies in this area. 

A somewhat related topic is ‘DNA 
packaging in dsDNA bacteriophages’, 
by L. W. Black. In addition to its in¬ 
terest as the prokaryotic equivalent 
of chromosome condensation it has 
recently been proved useful in vitro 
in recombinant DNA work. 

In the same general area of DNA 
and DNA elements the article ‘Tran¬ 
scription and reverse transcription of 
retrotransposons’ by J. D. Boeke and 
V. G. Corces can be included. The 
authors have defined retrotranspos¬ 
ons as ‘all noninfectious DNA ele¬ 
ments that have structural features 
suggestive of a role in transposition 
via an RNA intermediate’. The 
mechanism and regulation of biosyn¬ 
thesis of their nucleic acids, which 
can serve as intermediates in transpo¬ 
sition, are fascinating subjects and 
are dealt with in detail in this article. 

‘Serodiagnosis of infection with 
the AIDS virus and other human 
retroviruses’ by G. Schochetman, J. 
S- Epstein and T. F. Zuck deals with 
the advancement of technology for 
diagnosis of retroviral infections in 
general and specifically of the human 
immunodeficiency virus type I (HIV- 
1), the aetiologic agent of acquired 
immunodeficiency syndrome (AIDS). 
This is of obvious importance in cur¬ 
rent clinical practice. 

‘Molecular mechanisms of immu- 
nogllobulin A defence’ by N. K. 
Childers, M. G. Bruce and J. R. 
McGhee deals with the structure of 
immunoglobulin A (IgA) and with 
mucosal immunology. Since many 


bacteria and viruses, including HIV- 
1, are encountered through the mu¬ 
cous membrane, the specific func¬ 
tions of IgA antibodies in host de¬ 
fence dealt with in this article are 
very relevant. 

Two articles, ‘Organization and 
expression of genes involved in the 
biosynthesis of antibiotics and other 
secondary metabolites’ by J. F. Mar¬ 
tin and P. Livas, and ‘How antibiotic- 
producing organism avoid suicide’ by 
E. Cundliffe are important in the 
areas of development of newer anti¬ 
biotics and of resistance mechanisms 
used by antibiotic producers to avoid 
self-intoxication. The latter has obvi¬ 
ous relevance to antibiotic resistance 
in clinical practice. 

Allied to the above is the article 
‘The evolution of fluorinated qui- 
nolones; Pharmacology, microbio¬ 
logical activity, clinical uses and 
toxicities’ by C. Siporin. The second- 
and third-generation quinolones have 
high activity against both gram-posi¬ 
tive and gram-negative bacteria, es¬ 
pecially thosQ that are resistant to the 
currently available antibiotics. These 
various quinolones are dealt with in 
detail in this article and are worth se¬ 
rious study. 

Other subjects dealt with in this 
volume relate to scrapie prions, hu¬ 
man herpesviruses, gonococci, influ¬ 
enza virus, staphylococcal plasmids 
and Clostridium difficile. 

T. Ramakrishnan 
Department of Microbiology & 

Cell Biology 

Indian Institute of Science 
Bangalore 560 012 


HISTORICAL NOTES 


Glimpses of ancient Indian medicine—Part I* 

M. S. Valiathan 


Origins 

Folk medicine is the mother of all 
systems of medicine. In the Indian 
palimpsest, folk medicine was never 
fully erased before the newer texts of 
local or foreign origin were written. 
Millions of tribals continue to depend 
on the folk practitioner who seldom 
recognizes a flaw in his system. Folk 
medicine claims that diseases are 
caused by evil spirits or the wrath of 
gods; it recommends diagnosis by 
divination and treatment by propitia¬ 
tion. In tribal India, one may still see 



Herbal extract being showered on a paitent 
with jaundice (Bastar). 

herbal extracts being rained on a 
jaundiced patient to the accompani¬ 
ment of chants or allied practices for 
other ailments. One may save oneself 
any derision towards folk medicine 
because it enshrines the seeds of 
compassion and craft which are the 
very soul of medicine. Its originators 
were no less intelligent than modern 
man. It was when folk medicine 
failed to stem epidemics that con¬ 
cepts of hygiene dawned in the minds 
of men. Long centuries of folk medi¬ 
cine and recurrent epidemics underlie 
the drains, soakage pits, lavatories 


* The second part of the article will appear in 
the next issue. 


and baths of the ancient Indus valley 
cities of Mohenjodaro and Harappa. 
If Ayurveda continues to serve mil¬ 
lions after centuries of neglect and 
stagnation, it could only have done so 
by drawing the power for survival 
from traditions that reach back to 
prehistoric times. 

The Harappan culture which 
flourished around 2500 BC faded 
away, leaving behind relics of enig¬ 
matic glory. By 1500 BC, the Vedic 
age heralded a joyous search which 
spared neither spiritual nor secular 
phenomena. The earliest historical 
references to medicine date back to 
the Athavva Veda, which contains 
mystical, magical and rational ele¬ 
ments in varying proportions. Dis¬ 
eases were regarded as the punish¬ 
ment of gods for sin and transgres¬ 
sions and the punishment accorded 
was intensely visual. For example, 
Varuna (lord of the waters) inflicted 
dropsy, Parjanya (rain god) decreed 
diarrhoea, and A^i^ni (fire god) or¬ 
dered fever. Other diseases were 


looked upon as manifestations of 
supernatural powers that surrounded 
men as pisachas, rakshasas and other 
demoniac species. The Atharva Veda 
described symptoms and signs such 
as fever, diarrhoea, cough, seizures, 
tumour and ascites but did’ not spe¬ 
cifically deal with diseases. The 
Atharvan approach to treatment con¬ 
sisted of propitiatory rites (swastay- 
ana), offerings {hali), auspicious ob¬ 
lations {mangala homa), penance 
[niyama), purificatory rites 
iprayaschitta), fasting (upavasa) and 
incantations {mantra). Many a hymn 
imprecated demons and enemies, 
while others sought the blessing of 
health. Here is a hymn addressed to 
Varuna for the treatment of a patient 
with dropsy’: 

The golden chamber. King Varuna, 
is built in the waters 
There the King that maintains the laws 
shall loosen all shackles. 

From every habitation, 0 King Varuna, 
from here do thou free us: If, 0 waters. 



A drain in the ancient city of Mohenjodaro. 
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inviolable ones!, we said. 

Free this sin, O Varuna, free us! 

Loosen from us, O Varuna, all fetters, 
the uppermost, the nethermost and those 
imposed by Varuna! Evil dreams and 
misfortunes drive away from us; then 
we may go to the world of the pious. 

Incantations were supplemented 
by amulets and magic; the wizard ap¬ 
peared larger than gods. The Atharva 
Veda declared that ‘there are hun¬ 
dreds of medical practitioners and 
thousands of herbs, but what can be 
done by these can be effected by 
binding an amulet’- In the forest of 
magical trees, one is also greeted by 
rational stretches such as the descrip¬ 
tion of ‘the wonderful structure of 
man’\ which contains much good 
anatomy, prescriptions for dietary 
regimen, and medications such as 
guggidu and satavari. Medical proce¬ 
dures in vogue included probing of 
the urethra for retention of urine, 
enema application of leeches, and 
thermal cauterization of snake bites. 
Mantras were mandatory accompani¬ 
ments for most of these procedures. 
Dasgupta believes that the tridosha 
concept, which forms the corner 
stone of Ayurveda, was foresha¬ 
dowed by the Atharvan classification 
of disease into those produced by. 
water, wind and fire'^. It would appear 
that there were two classes of physi¬ 
cians who practised medicine in the 
Vedic period. The Atharvans were 
priest-physicians who had access to 
the king, prescribed charms besides 
herbs, and stood higher in the medi¬ 
cal hierarchy; they were outnumbered 
by ordinary physicians or vaidyas, 
who dealt with mundane remedies 
such as herbs and manual procedures. 
The medicine of the Atharva Veda 
was no less advanced than the sys¬ 
tems that flourished in contempora¬ 
neous civilizations in Mesopotamia, 
Egypt and Crete. It laid the founda¬ 
tions for the development of Indian 
medicine and forged a tenuous link 
between our Harappan inheritance in 
public health and the subsequent evo¬ 
lution of Ayurveda. 

Evolution and subsequent 
stagnation 

The compilation of Vedic hymns was 
over by 800 BC and the two following 


centuries saw the high-water mark of 
India’s intellectual history. The Upa- 
nishads came into existence and 
revolutionized the concepts of man 
and his place in the universe. There 
are no medical texts ascribable to this 
period and the Chandogya Upanishad 
lists Sarpa vidya, Pitriya vidya and 
Bhuta vidya —but not Ayurveda — 
among the subjects for study^ Never¬ 
theless, the advent of the six systems 
of Indian philosophy, the birth of 
Buddhism and Jainism, and the spirit 
of the age cast their spell on medi¬ 
cine, which became less magico-reli- 
gious and more empirical in charac¬ 
ter. 

The influence of Samkhya and 
Nyaya-Vaiseshika systems, in par¬ 
ticular, on the development of the 
philosophical basis of Ayurveda was 
considerable. Examples of this influ¬ 
ence may be seen in the Ayurvedic 
belief in the utility of analysis and 
the reliability of reason and the ac¬ 
ceptance of the reality of the external 
world. By 600 BC, medical evolution 
culminated in the elevation of 
Ayurveda to the status of an upaveda 
with eight divisions. The pre-existing 
divisions of Bhuta vidya, Agada tan- 
tra, Rasayana tantra and Vajikarana 
tantra continued to have a place in 
orthodox doctrine, but they were 
overtaken by Salya tantra, Salakya 
tantra, Kayachikitsa and Kumar a bri- 
tya, new disciplines unknown in Ve¬ 
dic times. Two great figures appeared 
—Atreya and Sushruta—, who estab¬ 
lished the medical and surgical 
branches of Ayurveda and gave them 
a rational orientation. Their authority 
was so great and their personalities 
so radiant that they were credited 
with divine origins. From Buddhist 
sources it is known that Taxila and 
Kasi had become outstanding centres 
for medical studies by 600 BC. 
Atreya and Sushruta were probably 
the Acharyas at Taxila and Kasi, 
which attracted students from all 
over India and neighbouring coun¬ 
tries. Sushruta composed an enor¬ 
mously influential Samhita which 
went beyond the systematic treatment 
of medicine and dealt with surgery in* 
a manner that had few parallels else¬ 
where at that time. Much later, in the 
first century AD, Atreya’s system of 
medicine was codified by Charaka, 
whose Samhita became another ma¬ 
jestic achievement in Indian medi¬ 


cine. In the treatment of the philo¬ 
sophic background of medicine and 
its interrelations with religious 
thought, the Charaka Samhita excels 
other ancient texts and marks the cul¬ 
mination of the creative phase in In¬ 
dian medicine. No wonder that 
Sushruta and Charaka, and Vagbhata, 
who followed them a few centuries 
later, are affectionately known as the 
vriddhatrayi (the three ancients) of 
Ayurveda even today. The period of 
the Samhitas may rightly be regarded 
as the golden age of Ayurveda. 

But the Sushruta Samhita and 
Charaka Samhita of today are prod¬ 
ucts of evolution in so far as they are 
later editions of much older texts. 
Charaka composed his Samhita on the 
basis of the Tantras of the six dis¬ 
ciples of Atreya, all of which are lost 
but were extant in the first few centu¬ 
ries of the Christian era according to 
the evidence in the Bower manu¬ 
script. Similarly the Sushruta Sam¬ 
hita was written and expanded by 
Nagarjuna in the early years of the 
Christian era from the original Salya 
tantra of Sushruta who lived eight 
centuries earlier. In editing older 
texts, Charaka and Nagarjuna re¬ 
garded them as national libraries of 
medicine to which they added their 
own treatises. The great Samhitas at¬ 
tained their present form in the hands 
of Charaka and Nagarjuna in the first 
one or two centuries of the Christian 
era. Charaka is believed to have been 
the physician of King Kanishka. 

The Samhitas of Charaka and 
Sushruta stood in isolated splendour 
until Vagbhata Senior wrote a mas¬ 
terly compendium to harmonize the 
conflicting views that had grown over 
centuries. According to prevailing 
custom he added much independent 
material to his Ashtanga Samgraha, 
which had become something of a 
national favourite by the time of 
I-tsing who visited India in the sev¬ 
enth century AD. In the following 
century, Madhavacharya extended the 
art of diagnosis and produced a 
classic, Madhava Nidana, which 
dealt with the diagnosis and pathol¬ 
ogy of diseases exclusively. Lucid 
and practical, Madhavacharya’s sys¬ 
tem marked an advance on Charaka 
and Sushruta in deepening the under¬ 
standing of diagnosis. The eighth 
century also witnessed the advent of 
the famous Ashtanga Hridaya by 
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Vagbhata Junior, who literally con¬ 
densed all that was known in Ayur~ 
veda and produced a masterpiece 
which continues to be a living text 
for the Ayurvedic physician. After 
Vagbhata Junior, the flow of creativ¬ 
ity, already slowed down from the 
early centuries of the present era, 
ceased altogether. Commentaries 
continued to appear, such as those of 
Chakrapanidatta, but the creative 
phase in Indian medicine was over. 

When European observers came to 
India a thousand years later in the 
eighteenth and nineteenth centuries, 
they took careful note of the practice 
of medicine in India and sent detailed 
reports to the Royal Society and the 
Royal College of Physicians. They 
are valuable source material for the 
student who wishes to know the 
status of medical practice in India 
following a thousand years of stagna¬ 
tion after Vagbhata Junior. The eight¬ 
eenth century reports of observers 
such as Holwell, Scott and others are 
important because these were com^pe- 
tent observers who wrote before India 
was subjugated and Indians were re¬ 
garded as a conquered race. No mat¬ 
ter that the reports concern the an¬ 
cient Indian procedures of variola¬ 
tion, cystolithotomy, cataract re¬ 
moval or rhinoplasty; their canvas 
displays no more than islands of ex¬ 
cellence in a sea of faded elegance. 

Profiles of Ayurveda 

It is far from easy to portray a medi¬ 
cal system that took birth in the 
mists of antiquity, sparkled as it 
grew, slowed down mysteriously for 
a thousand years, but continues to 
live and serve millions in the present 
day. Philosophic, scientific, clinical, 
and ethical dimensions stand out as 
the main elements of its many-splen- 
doured character. 

Philosophic aspects of Ayurveda 

The philosophic roots of Ayurveda 
are to be found in the Nyaya- 
Vaiseshika and Samkhya systems 
even though their degree of influence 
on Charaka, Sushruta and other au¬ 
thorities is not uniform. Nyaya- 
Vaiseshika, in particular, had consid¬ 
erable impact on the development of 
Ayurvedic thought in so far as it ac¬ 
cepts the reality of the external 


world, which is known through, but 
not dependent on, the mind. It de¬ 
pends solely on experience and rea¬ 
son and does not attempt to reduce 
the diversity of experience to any 
universal principle. According to 
Sushruta, the science of medicine 
does not lay down that souls 
(Kshetrajnas) are all-pervading, but, 
on the contrary, it asserts that they 
are real and eternal and are born in 
the planes of divine, human or animal 
existence. It postulates six original 
categories of which all things in the 
world are made of. They are dravya, 
gunas, karma, samanya, visesha and 
samavaya. Charaka accepts these 
categories but often differs from the 
Nyaya-Vaiseshika concept in the 
sense in which the terms are em¬ 
ployed. For example, samanya in the 
Vaiseshika system signifies a class 
concept whereas Charaka means it to 
include concrete things that have 
similar characteristics. Similarly 
visesha in Vaiseshika implies ulti¬ 
mate specific properties differentiat¬ 
ing one atom from another, but it 
means concrete things that have op¬ 
posite constituents in Charaka. In the 
samanya and visesha concepts, which 
have decisive influence on Ayurveda, 
Charaka does not hesitate to differ 
from the Vaiseshika system. 

If Ayurveda is indebted to the 
Vaiseshika system for its metaphys¬ 
ics, it draws upon Nyaya for its logic 
and dialectics. In regard to diagnosis, 
Charaka postulates three means for 
establishing it. These are instructions 
of the wise (aptopadesa), perception 
ipratyaksha) and inference {anu- 
mana). Charaka believed that all 
three should be employed either 
Jointly or separately for determining 
the nature and prognosis of diseases. 
Charaka and other masters also as¬ 
signed a high place to logic in pro¬ 
moting debates, which he termed 
sambhasa. Whether the debates were 
friendly (sandhyaya) or hostile 
(vigrhya), Charaka held that they 
‘increased the zeal for knowledge, 
clarified understanding, increased 
the power of speech, removed doubts, 
and strengthened convictions’^. In¬ 
deed, Charaka Samhita seems to be a 
distillate of many such learned dis¬ 
cussions which had taken place under 
Atreya’s chairmanship. Debates and 
logical disputation had been in 
vogue in India from ancient times but 


they seem to have been practised 
with special zeal by physicians not 
only to refine their knowledge but 
also for the less lofty purpose of de¬ 
feating their opponents! 

Science in Ayurveda 

Ancient Indian anatomy and the tri- 
dosha doctrine are examples that il¬ 
lustrate the scientific underpinning of 
Ayurveda. Other aspects, including 
ancient Indian physiology, are no less 
important. Indian anatomical tradi¬ 
tions reach back to the Rig Veda, 
which mentions the lungs, heart, 
stomach, kidneys and other viscera. 
In the Atharva Veda the hymn on ‘the 
wonderful structure of man’ enumer¬ 
ates several parts of the human 
skeleton which agree with the version 
of Charaka. Ancient anatomical 
knowledge received a boost from the 
dissection of cadavers, which was al¬ 
ready practised in the time of Sush¬ 
ruta, who admonished, ‘Anyone who 
wishes to acquire a thorough know¬ 
ledge of anatomy must prepare a dead 
body and carefully observe and exam¬ 
ine all its different parts’^. But the 
curious practice of dissecting a ca¬ 
daver decomposing in water weak¬ 
ened knowledge of soft parts, unlike 
the reasonably correct observations 
on osteology. The knowledge gained 
from dissection was acknowledged to 
be imperfect because Sushruta en¬ 
joined its supplementation by obser¬ 
vations made during surgery. Both 
Charka and Sushruta devoted entire 
sections to anatomy, which included 
embryology. 

What was the ancient embryology 
like? The embryo results from fertili¬ 
zation to which both male and female 
members contribute seed and into 
which the soul enters through the 
vehicle of the mind. Just as gold or 
copper assumes the form of any 
mould in which it is poured, causal 
elements enter the human mould to 
take birth in human shape. A jelly- 
like structure in the first month, the 
human foetus becomes hard in the 
second month, and shows five promi-. 
nences and the rudiments of limbs in 
the third^. In the fourth month limb 
differentiation is more advanced, the 
heart appears and offers itself as the 
seat of consciousness, which be¬ 
comes more alert in the fifth month. 
In the sixth month intelligence begins 
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to develop, and the seventh is marked 
by completion of limb development. 
Parturition takes place as a rule in the 
ninth or tenth month. While this se¬ 
quence generally accords with the 
descriptions of Charaka and Sush- 
ruta, there were other views on or¬ 
ganogenesis and the rate of differen¬ 
tiation, indicating the lively nature of 
the debate on embryology. In fact, 
much of Garhha Upanishad, of un¬ 
known authorship, deals with embry¬ 
ology. Sushruta comments, ‘Just as 
the juicy parts and the stone, which 
are undifferentiated in green mango 
in its early stages, are found clearly 
developed and differentiated when it 
is ripe so, when the human foetus is 
uniform in the early stages of dev¬ 
elopment, all its undifferentiated 
parts are already developing there 
pari passu, though on account of the 
fineness of their structure and growth 
they cannot be distinguished’’^’. Acc¬ 
ording to Indian anatomists, the 
growth of the embryo took place by a 
process of stratification in which sev¬ 
eral layers were superimposed one 
upon another. Apart from seven lay¬ 
ers of the skin, there were also seven 
other layers which separated organs 
and tissues, all derived from the 
dhatus. The derivations, often fanci¬ 
ful, were given in considerable de¬ 
tail. 

In anatomy, osteology excelled, 
thanks to the dissection of cadavers. 
The osteology of Charaka and 
Sushruta differs in important respects 
from current knowledge. Sushruta 
begins by saying, ‘The professors in 
general speak of 360 bones; but 


Table 

Summary of Sushruta's 
osteology 


Part 

Sushruta 

Modern 

Remarks 

Head 

66 

30 

Included 

and neck 


teeth, 

trachea 

Trunk 

128 

50 

Included 


costal 

cartilage 

transprocess 

and 

tubercles 
as bones 

Four 106 120 Carpus and 

extremities tarsus 

regarded 
single bones 

Total 300 200 


books on surgical sciences know only 
300!*” Sushruta, in common with 
other Indian anatomists, divided the 
body into six parts — the four ex¬ 
tremities, the head and neck, and the 
trunk. Whereas the number of bones 
as known today is 200, Sushruta’s 
total was 300 because he included 
teeth, nails and cartilages in the 
count and regarded processes or pro¬ 
tuberances as separate bones (see 
table). Another cause for inaccuracy 
was the counting of aggregate struc¬ 
tures such as carpus and tarsus as 
single bones. In the four extremities 
the present day total of bones is 120, 
against 106 of Sushruta; in the trunk 
the figures are 50 and 128, the differ¬ 
ence being accounted for by the In¬ 
dian practice of counting costal carti¬ 
lages, tubercles and transverse pro¬ 
cesses of vertebrae which articulated 
with ribs as parts of ribs. Similarly 
the bones in the head and neck total 
30 whereas Sushruta’s figure is 66 
because he included trachea and 
bronchi, teeth and dental sockets in 
his count. Apart from enumeration, 
Sushruta also classified bones into 
five types—flat, sharp, tender, circu¬ 
lar and seed-shaped. He fully realized 
the role of the skeletal system and 
commented: ‘As trees are supported 
by the hard core inside their trunks, 
so the body is supported by the firm 
bones. Muscles are attached strongly 
to the bones by means of ligaments 
and are thus kept in position and do 
not fall off.’’- Sushruta possessed 
accurate knowledge of joints, which 
he totalled as 210, and provided their 
numerical distribution in the extremi¬ 
ties, trunk, head and neck. He classi¬ 
fied joints as movable and immov¬ 
able and subdivided them into hinge 
{kora), ball-and-socket (ulukhala), 
and so on. 

Sushruta’s description of muscles 
was less accurate than that of bones 
even though his total of 513 for the 
body is amazingly close to the mod¬ 
ern figure of 500. He recognized 
ligaments {snayus) and their func¬ 
tion: ‘As a boat of wooden planks, 
well tied by many knots, can bear the 
weight of animals and goods in water, 
so a man can carry weight as his 
joints are knotted together by the 
snayus’’I Occasionally he confused 
nerve trunks with ligaments. 

In the field of cardiovascular ana¬ 
tomy, Sushruta could build upon 


many references to the heart and 
blood vessels from earlier texts, in¬ 
cluding the Atharva Veda and Upan- 
ishads. He described the heart as hav¬ 
ing the shape of a lotus bud, hanging 
with its apex downward and serving 
as the primary seat of rasa, which 
runs through the whole body. He de¬ 
scribed four kinds of ducts, even 
though their origins were left vague. 
It is difficult to know the exact mean¬ 
ing of statements such as ‘the ducts 
emanating from the cavity of heart, 
other than the siras and dhamanis, 
and found to course through the body 
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are called srotas'^'^^ He definitely re¬ 
ferred to 24 dhamanis arising from 
the heart and their carrying vital 
principles of the body. The words 
siras, dhamanis and srotas and men¬ 
tion of the transport of pitta, kapha 
and rakta through channels abound 
in Sushruta’s angiology, and one 
tends to agree with Seal that ‘the 
standing puzzle of Indian anatomy 
and physiology is the classification 
of siras, dhamanis and srotas, the 
channels, passages and ducts in the 
body, including the arteries, veins, 
nerves and lymphatic vessels’ 
Kutumbiah concluded that the differ¬ 
entiation of the arterial and venous 
systems was not achieved and that 
nerves too were included in the cate¬ 
gory of siras and dhamanis by an¬ 
cient Indians’^ 

It is curious that the brain does 
not find a major place in the ancient 
medical literature of India. Sushruta 
does refer to a nerve on either side of 
the larynx, damage to which produces 
hoarseness of the voice; he does also 
mention olfactory and optic nerves. 
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Since the ancient authorities regarded 
the heart as the seat of consciousness, 
they included nerves in the cardiovas¬ 
cular system and apparently relegated 
the brain to a position of secondary 
importance. Among the internal or¬ 
gans, the lungs, stomach and intes¬ 
tines were noted and the intestine was 
divided into small and large intes¬ 
tine. Rectum, urinary bladder and 
anus were accurately described. 
While the source of urine was indi¬ 
cated to be channels too fine for the 
eye, the ureters were noted to fill the 
bladder constantly with the waste 
products of the body. Uterus and va¬ 
gina were described correctly. 

The taboos on the dissection of 
fresh cadavers and the imperfect 
technique of dissecting cadavers 
handicapped anatomical studies in 
those days. They were com-pensated 
only in part by surgical observations. 
The need for surgical exposure 
obliged the surgeon to learn regional 
anatomy in the form of marmas, 
which advanced anatomical know¬ 
ledge as well as surgical technique. 
In summary, systematic anatomy did 
not attain the accuracy and depth of 
regional anatomy in ancient India. 

Turning to the doctrine of tri- 
dosha, its enormous influence on In¬ 
dian medicine is matched only by its 
conceptual difficulties and bewilder¬ 
ing interpretations. Its origin can be 
traced to the R/g Veda, which con¬ 
tains a reference to tri-dhatu^^ and 
seminal concepts such as that of the 
body being composed of elementary 


ingredients called hhutas. From Ve- 
dic times, matter was regarded as the 
combination of five elementary parts 
or hhutas, namely space, air, fire, 
water and earth. Ancient Indian medi¬ 
cal authorities believed that the body 
is a community of the variants of the 
five elements, which were in turn 
called dhatus. When the dhatus hold 
together and remain in equilibrium, 
the state is called dhatu samya, 
which is equivalent to health. When 
their normal measure is disturbed and 
they are in disequilibrium, the result 
is dhatu vaishamya, or ill health. The 
dhatus are formed from ingested 
food, the unassimilated fraction of 
which is excreted. Besides the frac¬ 
tion from food, what is excreted also 
includes refuse generated by dhatus 
during their physiological operations 
(dhatumalas). The tridosha doctrine 
holds that of all waste products, vata, 
pitta and kapha are responsible for 
ailments and that causes (nidanas) 
can disturb the dhatus and produce 
disease only through the disturbance 
of vata, pitta and kapha. Because 
they vitiate the dhatus, vata, pitta 
and kapha are called doshas and the 
dhatus that undergo vitiation are 
known as dushyas. There is no una¬ 
nimity among Charaka, Sushruta and 
Vagbhata on the pathophysiologic 
status of vata, pitta and kapha or 
their pathogenetic mechanisms. In 
the anxiety to integrate the human 
microcosm with the universal macro¬ 
cosm, vata, pitta and kapha were 
even identified with sun, moon and 


air from time to time. 

The tridosha doctrine evolved 
over many centuries and provided a 
scientific framework for ancient 
medical thought in India. At the 
philosophical level, it sought to iden¬ 
tify bodily elements with the ele¬ 
ments of the universe; at the practical 
level, it provided a rationale for clas¬ 
sifying diseases on the basis of the 
disturbances of doshas. The doctrine 
provided a physiopathologic matrix 
wherein health and disease were as¬ 
signed their proper roles by ancient 
Indians. 
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Animating nematics 

Rayleigh-Benard cellular convective 
flow is well known in liquid layers 
subjected to an adverse temperature 
gradient. In binary fluids these in¬ 
stabilities occur as travelling waves 
and this phenomenon is well under¬ 
stood. In a paper beginning on page 
506, V. A. Raghunathan et al. predict 
another type of instability of the 
propagating variety in nematic liquid 
crystals under certain special circum¬ 
stances. 

Nematic liquid crystals are an¬ 
isotropic fluids characterized by the 
orientational ordering of the mole¬ 
cules having shape anisotropy. The 
local orientation is described by the 
unit vector (the director) which can 
vary from point to point in the me¬ 
dium. When an electric field is ap¬ 
plied to such a liquid crystal, space 
charges can form, since the electrical 
conductivity is anisotropic. If the 
field is strong enough, an instability 
similar to that of Rayleigh-Benard 
flow is set up. One can actually ob¬ 
serve the domain pattern optically 
because the convection flow distorts 
the director. 

Nematics are not ferroelectric. 
Even so a macroscopic polarization is 
induced if there is a distortion of the 
director field. This phenomenon is 
known as the flexoelectric effect—a 
phenomenon analogous to piezoelec¬ 
tricity in crystals. Flexoelectricity 
plays a vital role in the electrohydro¬ 
dynamic instability of nematics. 

Travelling-wave instabilities at 
low frequencies of the external elec¬ 
tric field have been observed experi¬ 
mentally recently. The electrohydro¬ 
dynamic pattern moves in a direction 
normal to the convection-roll axis. 
The current theories of electrohydro¬ 
dynamic instabilities have not been 
able to account for this travelling- 
wave, instability. 

The propagating instability pre¬ 
dicted by the authors occurs when the 
symmetry of the nematic layer is bro¬ 
ken by having a pre-tilt of the direc-, 
tor at the bounding plates—an effect 
caused again by the flexoelectric 
torque acting on the director. The 
propagation direction reverses when 


the field is reversed. The authors con¬ 
vincingly demonstrate experimen¬ 
tally the existence of this effect. 

Clarifying the causes of opacity 

Cataract is the cause of more than 
half of cases of visual impairment 
and blindness in India. A third of the 
world’s cataract sufferers are in In¬ 
dia. Although surgery to remove a 
cataractous lens is one of the more 
successful surgical procedures, wide¬ 
spread use of the better and safer ex- 
tracapsular cataract extraction proce¬ 
dure (with intraocular lens implant¬ 
ation for satisfactory restoration of 
vision) is restricted by economic con¬ 
siderations. Because cataract affects 
mainly the elderly, any means of de¬ 
laying onset or progression of cata¬ 
ract can have a large effect. Accord¬ 
ing to one estimate, if development 
of cataract could be delayed by 10 
years, the number of cataract opera¬ 
tions world-wide would decrease by a 
remarkable 45%. Clearly, under¬ 
standing cataractogenesis is vital for 
any large-scale plan to combat blind¬ 
ness. In any case, prevention of cata¬ 
ract or delaying its onset or progres¬ 
sion sufficiently so as to prevent total 
visual loss would represent a major 
medical advance and human-welfare 
effort. 

Epidemiological analysis offers 
one approach to identification of ae- 
tiologic factors of disease. Several 
epidemiological studies have indeed 
suggested a number of possible risk 
factors that predispose to cataract. 
The most extensive study so far is an 
Indo-US hospital-based case-control 
study of 1441 patients and 549 con¬ 
trols, conducted at the Dr Rajendra 
Prasad Centre for Ophthalmic Sci¬ 
ences in New Delhi between August 
1984 and December 1987. The study 
examined associations between types 
of cataract and more than 50 physio¬ 
logical, biochemical, behavioural and 
environmental variables. In the ar¬ 
ticle beginning on page 498, D. 
Balasubramanian (a biophysicist), K. 
Seetharam Bhat (a nutrition scientist) 
and Gullapalli N. Rao (an ophthal¬ 
mologist) provide an account of the 
anatomy and physiology, and molecu¬ 


lar features of the human lens, and 
comment on the risk factors identi¬ 
fied by the Indo-US study. The au¬ 
thors take advantage, though ‘guard¬ 
edly’, of the emphasis of the Indo-US 
study on specific types of cataract, 
and speculate on the molecular fea¬ 
tures of the different types. 

One interesting risk factor is the 
use of cheap cooking fuels such as 
wood and cowdung. While such fuels 
might be expected to be ‘smoky’ and 
hence contribute in some way to 
cataractogenesis, the finding makes 
better sense, as the authors point out, 
in the context of association between 
socioeconomic variables related to 
educational achievement and cata¬ 
ract: lower educational level usually 
means lower socioeconomic status 
(hence lower likelihood of use of a 
more expensive cooking fuel), lower 
quality of living, and lower level of 
nutrition. 

Roots to culture 

Mycorrhizae are associations be¬ 
tween fungi and roots of higher 
plants. Mycorrhizal fungi often bene¬ 
fit the host plant in various ways: in 
specific situations, they increase the 
absorption of certain nutrients, en¬ 
hance drought resistance, and in¬ 
crease resistance to root-infecting 
pathogens. Not surprisingly, there 
have been attempts to exploit the 
beneficial effects of mycorrhizae in 
agriculture and forestry. The wide¬ 
spread use of mycorrhizae in agricul¬ 
ture has been limited by the lack of a 
simple method of culture and propa¬ 
gation. Axenic, or contaminant-free, 
culture is particularly important if 
host specificity is seen (cf. the 
rhizobia). K. K. Janardhanan et al. 
report success in culturing and main¬ 
taining a vesicular-arbuscular mycor¬ 
rhizal fungus on synthetic medium 
(page 509). Outgrowth of the fungus 
from root pieces transferred to syn¬ 
thetic medium was induced by axenic 
root pieces placed in close proximity; 
at a later stage, the fungus was iso¬ 
lated free of host root. This success is 
an important breakthrough in mycor¬ 
rhizal research. 
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Peer review 

‘A modest proposal for glasnost in the 
peer review process”, the author’s central 
plea is that the anonymous peer-review 
process be replaced by an open review 
system. But the latter is not without 
deficiencies. The peer-review system, as 
it exists, is an honour system. Reviewers 
are expected to do their job as an act of 
community service without reward or 
remuneration promptly and objectively. 
They function under an unwritten moral 
code of conduct^ which, by and large, has 
served well. It is not foolproof but a better 
alternative is hard to find. 

The confidential and anonymous review 
process was evolved to preserve cordial 
human relations and to make rejection of 
papers humane, while concurrently 
encouraging the reviewer to express his 
scientific opinion objectively and honestly 
without fear of retribution, specially from 
powerful and influential authors. The system 
is, no doubt, open to abuse—a reviewer 
may delay the publication of a paper in 
order to get his out first, may be hostile to 
a different school of thought, may be plain 
ignorant or out of touch with the field but 
may not admit it, and so on. I have also 
witnessed the nobler aspects of the review 
process being practised—reviewers with 
conflicting interests promptly returning 
manuscripts, suggesting an abler colleague 
as a more suitable reviewer, making brilliant 
suggestions (anonymously), and so on, but 
these are seldom talked about because one 
expects such conduct. 

The scientific community realizes the 
possible abuses of the peer-review system 
and even has a few built-in safeguards— 
multiple referees, an adjudicating editor, 
a rebuttal procedure, and, in some journals, 
the opportunity to express dissenting views 
on published papers. The journals of AIAA 
(American Institute of Aeronautics and 
Astronautics) sometimes publish papers not 
recommended by a referee and allow the 
referee to publish his dissenting views 


alongside the paper! Finally, the author is 
always free to seek publication of his work 
in other journals with ‘less-prejudiced’ 
reviewers. He can even start his own journal, 
publish and distribute his work privately, 
etc. 

Most modem states foster non-military 
funded science as an autonomous activity 
of self-directed intellectual enquiry. Over 
centuries science has won for itself certain 
social concessions—freedom from politics, 
religion, hierarchy, and even national 
boundaries. I would like to believe that 
this is so because the scientific community 
is viewed to be objectively self-policing 
by the world-at-large. 

An open review system would perhaps 
make the reviewer more careful about his 
remarks. It would also open channels for 
politicking and sycophancy by allowing 
reviewers to gain favour with influential 
authors and exchange favours with friends 
and colleagues. These apart, imagine the 
fate and shattered morale of a young 
scientist when he finds that his paper was 
rejected by the world’s leading authority, 
indeed his hero, on the subject. Surely, on 
compassionate grounds, he deserves an 
anonymous review? On the other hand, 
how does one coax back eminent scientists 
refraining from doing any peer-review work 
because they would rather stay away from 
the resulting controversies, accusations, lost 
friendships, etc.? I suspect that an open 
review system would give rise to frequent 
(and unfair) accusations of reviewers 
stealing ideas from rejected authors. 

Resistance to new ideas is a well- 
entrenched human trait. Scientists of all 
calibre, including Gauss and Galileo, have 
succumbed to tyrannical social pressures 
and have held their counsel on new ideas. 
No doubt, familiarity breeds acceptance, 
but resistance too breeds a perseverance 
among scientists committed to science and 
forces new ideas to be honed to perfection 
till their logical acceptance becomes 
inevitable. I think that, for this reason alone, 
resistance, to an extent, is welcome. In 
the realms of theoretical physics, which is 
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mled by nothing but ideas, the community 
eagerly awaits new ideas. There is no 
denying that they did accept and give 
credence to non-Euclidean geometry, the 
theory of relativity, quantum mechanics, 
and so on, all revolutionary ideas of the 
highest order. 

Resistance to new ideas is not so much 
in the theoretical and analytical branches 
of science, where an author’s work can be 
independently verified against a stated 
logical framework, as it is in the 
computational and experimental branches, 
where fraud can and does go undetected 
because verification is either difficult or 
near-impossible (getting authors to part with 
their computer codes, raw data, calibration 
charts, etc. is almost impossible). 

Scientific ideas take shape in erratic ways 
and personalities do dominate ideas. To 
quote H. Alfv6n^, ‘Fermi had such an 
authority that if he said of course today, 
every physicist said of course tomorrow.’ 
What a scientist thinks today is largely a 
product of the thinking and the work of 
others who have patiently developed 
concepts, acquired and analysed data, and 
published their findings. At this stage of 
human evolution, ideas are in a state of 
flux. Therefore schools of thought and 
differences among them are natural. Ernst 
Mach refused, a hundred years ago, to 
believe in atoms^. Haimes AJfven (Nobel 
Prize in physics, 1970), who helped 
originate the theory of cosmic rays that is 
now generally accepted, is now rejected 
by him^. Albert Einstein could not accept 
quantum mechanics (his famous ‘God does 
not play dice’.) while the Nobel Committee 
steered clear of his theory of relativity 
and Mach did not believe in the theory 
either. Till a few years ago it appeared 
that the future, in principle, could be 
predicted with ckterministic precision. Now 
the notion of randomness and un¬ 
predictability is beginning to look like a 
unifying principle. Ideas which appear 
ingenious today may appear silly tomorrow, 
and vice versa. And tl^n there are changing 
fashions in ideas. The strength of science 
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lies in its nagging and persistent search 
for logical structures in spite of human 
biases. So a logically structured idea rejected 
today has every chance of being recognized 
tomorrow. One can be thankful that science 
tries not to be dogmatic. 

The real problem of manuscript 
evaluation is not with the peer-review 
system but with the eroding ethical stand¬ 
ards in science. Today, pursuit of science 
is rarely an individual effort. It has become 
expensive. It needs government and hence 
political (and now increasingly, industrial) 
support for funds. Modem management 
of science too has produced a problem. It 
focuses on projects rather than on 
knowledge. Scientific research has become 
a means of livelihood. Authorship is 
bartered for career growth. Such a situation 
fits ill with the ideal, where, eventually, 
scientists are answerable not to their 
administrative bosses but to their scientific 
peers. 

The scientific community needs, really, 
to reassert its ethical standards. Its leaders 
must set examples. Authors need to set 
standards for themselves and guard them 
when they become reviewers. Then I think 
the peer-review system will take care of 
itself honourably and confidentially. 

1. Prathap, G., Current Science, 1989,58,1114. 

2. See, for example: Ethical standards for 
publication of aeronautics and astronautics 
research, AIAA Journal, 1990, 28,2. 

3. Alfvdn, H., American Scientist, 1988, 76, 
249. 

Rajendra K. Bera 

Computational & Theoretical 
Fluid Dynamics Division 
National Aeronautical Laboratory 
Bangalore 560 037 


Prathap^ strongly argues in favour of open 
peer review of manuscripts sent for 
publication in scientific and technical 


journals. Gowrishankar^, in his comments 
on Prathap's article, presents the opposite 
point of view and gives ‘weighty counter¬ 
arguments against open review and in favour 
of the existing system’. One can easily 
mistake or misunderstand Gowrishankar's 
arguments as supporting orthodoxy and 
status quo. 

The basic issue involved requires some 
impartial or objective consideration. A 
reviewer acting out of plain malice or bias, 
as Prathap mentions, may exist. For 
example, this writer has the sad experience 
of having his paper sent to a prestigious 
technical journal abroad rejected by the 
editor because of the unfavourable review 
given by a ‘peer’ reviewer. It turns out 
that the reviewer was a person whose earlier 
work on the same subject was found to be 
in serious error, even on certain fundamental 
points. This writer in his paper pointed 
out these errors and corrected them and 
got results radically different from that of 
the reviewer. Clearly, this antagonized or 
infuriated the reviewer, who was extra- 
critical and recommended strongly that the 
paper be rejected. The editor, who was 
not a specialist in the field, was helpless. 
Such things do happen. After all, how many 
are totally free of malice, bias or 
professional jealousy, and who likes to be 
and had errors even on certain fundamental 
points? 

Are we not, to varying degrees, prisoners 
of traditional, conventional and orthodox 
thinking? Even the great, incomparable 
Einstein, one recalls, held on for a long 
time to his firm, orthodox belief in a 
deterministic world-view and would not 
accept a probabilistic world-view, even after 
quantum mechanics took firm root. 

Secondly, who are really the peers of a 
scientist working, say, in a broad field 
like structural/fluid mechanics or solid state 
physics. Let us keep in mind that these 
are days when one goes in for specialization 
in narrower and narrower areas. An editor 
cannot be expected to be knowledgeable 


in all areas. In selecting one or more 
reviewers for a paper sent for publication, 
the editor usually refers to a panel of 
reviewers that he might have compiled. 
In some special cases, this may not help. 
He may then seek the help of a scientist 
working in the same field or a closely 
related field. Or he may critically examine 
the list of references given at the end of 
the paper and select reviewers from this 
list. This is somewhat similar to the 
procedure usually adopted for nominating 
examiners for an MS or a Ph D thesis. In 
any case, the editor’s task is quite often 
unenviable. 

To deal with the problem of lack of 
to two or even three competent reviewers. 
Quite often, this practice results in delays. 
There are also cases when a reviewer gets 
one of his juniors to review the paper and 
merely puts his signature to the review. 
There are even cases where the author 
comes to know who the reviewer is and 
tries to influence the reviewer. This 
unethical practice has been seen in the 
case of even thesis examiners at the MS 
and Ph D levels! In all these matters, there 
is no foolproof system. Conscience alone 
is one’s friend, philosopher and guide. 

To conclude, the worth and efficacy of 
the peer-review system depends very much 
upon the choice/selection of the peers—the 
job of the editor—and how sincerely, 
seriously and objectively the review is done. 
No system—the peer-review system 
included—that the human mind devises 
can be infallible or one hundred per cent 
foolproof. Isn’t man’s imperfection reflected 
in everything he devises or creates, 
including scientific theories? 

1. Prath^, G., Current Science, 1989, 58, 

1114. 

2. Gowrishankar, J., Current Science, 1990,59, 

7. 

K. A. V. Pandalai 

77/2, Velachery Road 
Madras 600 032 
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Virus structure 
determination 

Recently, K. Valegard, L. Liljas, K. Fridborg 
and T. Unge of the University of Uppsala, 
Sweden, have published the structure of 
bacteriophage MS2 (isfature, 345,36,1990). 
Two aspects of this study are truly 
remarkable. 

Bacteriophage MS2 is an isometric virus. 
The virus capsid, composed of 180 copies 
of the coat-protein subunits of molecular 
weight 13,700 daltons, encapsidates a 
single-stranded, positive-sense RNA 
genome of 3569 nucleotides. The genomic 
and coat-protein sequences are known. 

During the past decade, the structures 
of six plant, four animal and one insect 
viruses have been determined. Although 
these vimses infect very different organisms, 
they display a remarkable similarity in their 
coat protein structure. The principal domain 
of the coat proteins of these viruses consists 
of an eight-stranded, antiparallel, p-barrel 
motif with a complex connectivity or 
topology, which has been described as ‘jelly 
roll’ or ‘Swiss roll’ topology. The subunits 
are wedge-shaped and have a thickness of 
40 A. Their shape allows formation of 
hexameric and pentameric clusters without 
leaving large holes and hence leads to tightly 
packed icosahedral capsids. It was therefore 
assumed that other icosahedral viruses 
would also be built from protein domains 
of similar three-dimensional structure. The 


structure of MS2 coat protein, contrary to 
these expectations, is totally different. 

Each icosahedral asymmetric unit of MS2 
coat consists of three chemically identical 
protein subunits designated A, B and C. 
Each monomer has the shape of a triangle, 
with base of 60 A, height of 20 A and a 
thickness of 20 A. The RNA-facing side 
consists of five p-strands with a meander 
(antiparallel strands connected by a short 
loop) topology. The exposed part of the 
sub unit consists of two more p-strands 
and two helices at the carboxy terminus. 
The structure resembles those of bovine 
platelet factor 4 and a domain of the class 
I histocompatibility antigen HLA-A2. 

Another intriguing aspect of this work 
is the method used for structure deter¬ 
mination. Protein structures are usually 
determined by the method of isomorphous 
replacement. However, due to the 
complexity of structure, this method, by 
itself, does not provide an interpretable 
electron density map for viruses. A 
technique known as molecular replacement 
is used for further improvement of electron 
density maps. Icosahedral viruses have 5- 
fold axes of symmetry, which are 
incompatible with translationally periodic 
lattices. Hence the crystallographic 
asymmetric units of virus crystals invariably 
contain multiple copies of chemically 
identical units. Molecular replacement 
refines the phases of X-ray reflections by 
imposing strict equivalence of electron 
density values in these crystallographically 
independent regions of the crystal. The 


molecular replacement method is also useful 
for determining an unknown structure 
starting from a known, similar structure. 

On the basis of the assumption that the 
structure of MS2 will be similar to that of 
other isometric viruses, the authors 
attempted structure determination starting 
from a model based on the structure of 
southern bean mosaic vims. As the 
stmctures are totally different, it might be 
anticipated that the final electron density 
map would be totally meaningless. In 
contrast, the authors obtained a final map 
which was found later to be the Fourier 
transform, with phases shifted by 180° from 
the tme phases. Such a stmcture is known 
as the Babinet’s opposite of the tme 
stmcture and is internally consistent with 
the observed amplitudes of the X-ray 
reflections. Although the Babinet opposite 
structure could not obviously be interpreted, 
the authors have successfully used the 
resulting phases to solve two heavy-atom 
derivatives and obtain the stmcture at 8.8 
A resolution. Further extension of resolution 
is entirely on molecular replacement 
techniques. These remarkable aspects of 
crystallographic phase determination will 
be described by the authors in an 
independent publication. 

M. R. N. Murthy 

Molecular Biophysics Unit 
Indian Institute of Science 
Bangalore 560 012 
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Understanding mountain-building to 
earthquake prediction — the Wadia Institute 
of Himalayan Geology 

Vikram C. Thakur 


It was principally through the efforts of 
D. N. Wadia, FRS, National Professor, that 
the Institute of Himalayan Geology was 
established in 1968 as a registered 
autonomous body under the Ministry of 
Education, Government of India. The 
institute started functioning in two small 
rooms of the Botany Department of Delhi 
University, with the Head of the Geology 
Department acting also as its honorary 
director. In 1976 a full-time director was 
appointed and the institute was shifted from 
Delhi to Dehra Dun. By that time the 
institute had come under the Department 
of Science and Technology. A 15-year 
organizational and developmental plan 
projecting the institute's organizational 
structure and laboratory infrastructure and 
research activities, and defining both long¬ 
term and short-term perspective was 
formulated. The institute has since been 
able to build up a capable scientific cadre 
and erect basic laboratoiy infrastructure, 
and has grown into a full-fledged research 
institution. 

Organizational structure, 
laboratory facilities 

The research activities of the institute are 


organized around four major research 
groups: (i) structure-tectonics and 
seismotectonics, (ii) igneous petrology and 
geochemistry, (iii) sedimentology and 
biostratigraphy, and (iv) geomorphology 
and environmental geology. Two more 
research groups proposed for the future 
are geophysics and glaciology groups. The 
institute now has a team of fifty motivated 
scientists specializing in these major areas 
of research. 

The main laboratory facilities include: 
X-ray fluorescence spectrometer (energy- 
dispersive) for major and trace element 
analysis of rocks; atomic absorption 
spectrometer and inductively coupled 
plasma for major, trace and rare earth 
geochemistry: X-ray diffractometer for rapid 
identification of different phases of 
minerals; scanning electron microscope for 
studying the surface morphology of 
microfossils, mineral grains and ore- 
minerals; simultaneous thermal analyser, 
infrared spectrometer and cathode 
luminescence for grain size, mechanical 
analysis and petrography of sedimentary 
rocks and for measuring temperature, 
pressure, salinity, density and composition 
of fluid inclusions entrapped in minerals. 
In addition to these laboratory facilities. 


an experimental petrology laboratoiy having 
capability up to 3 kb and temperature up 
to 35()®C has been developed to study phase 
equilibria, mineral stabilities and synthesis 
of minerals. A fission-track dating 
laboratory has also been organized for 
studying the cooling and uplift history of 
the Himalaya. 

The institute’s library has over 6000 
books on various aspects of the earth 
sciences and, specifically, on topics related 
to mountain-building processes. It has also 
the personal library of D. N. Wadia, which 
contains some rare manuscripts and old 
literature on the Himalaya. A museum, 
which depicts the geological evolution and 
different aspects of Himalayan geology, 
has also been organized. 

Early work—^Arunachal and 
Kumaun Greater Himalaya 

During the institute’s first decade, research 
investigations were largely field-oriented 
studies. Initially the institute carried out 
work in the Arunachal Himalaya and 
Greater and Tibetan Himalaya of Kumaun. 

Arunachal Pradesh in the eastern 
Himalaya had remained, geologically 
speaking, terra incognita owing to its very 
poor accessibility. Several expeditions of 
the institute worked out the regional geology 
and structural framework of the Arunachal 
Himalaya. A tectonostratigraphic map of 
this part of the eastern Himalaya was 
prepared. 

Except for the early accounts of the 
reconnaissance survey in 1936-1939 by 
the Swiss geologists Heim and Gansser, 
there was general lack of geological 
knowledge about the Higher and Tethys 
Himalayan regions. Five expeditions were 
sent to do high-altitude geology in the 
region. The exj)editions brought a wealth 
of geological data and a good collection 
of fossils and rock samples. A geological 
map of the area was prepared, cross-sections 
showing major structures were drawn, and 
a stratigraphic column of the Tethys 
Himalaya sequence was constructed. Based 
on fossil assemblages, a marine sedimentary 
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sequence of approximately 6 km thickness 
of the Tethys Himalaya was dated to range 
in age from the Ordovician (450 million 
years ago) to the Triassic (220 million 
years ago). It was discovered that the Tethys 
Himalaya sequence does not represent 
sedimentation in the classical concept of 
‘geosyncline’. A monograph on the geology 
of this region of the Himalaya has been 
published. 

The crystalline slab of the Higher 
Himalaya that underlies the Tethys sequence 
was mapped. Its deformation and 
metamorphic history and radiometric dating 
indicated that the 8-10-km-thick slab of 
crystallines (1800-2000 million years old), 
at present occupying the Great Himalayan 
range, was buried deep under a cover of 
4-5-km-thick sedimentary sequence. The 
southern margin of this great slab is 
demarcated by a major shear zone called 
the Main Central Thrust, which brings the 
slab to override the Les.ser Himalaya 
sediments with a southward movement of 
up to 60 km. 

Kumaun Lesser Himalayan 
geology, Lesser Himalayan 
stratigraphy 

The geology of the Kumaun Lesser 
Himalaya region had been studied and 
described by many geologists. This had 
led to a multiplicity in stratigraphic 
nomenclature for the region, and a variety 
of interpretations, even a geological map 
of the entire area was not available. WIHG’s 
studies established the stratigraphy and 
structure of the Kumaun Lesser Himalaya 


and standardized stratigraphic nomenclature. 
This study forms a significant contribution. 

A significant breakthrough in Lesser 
Himalayan stratigraphy was made with the 
discovery of Cambrian conodont 
microfossils from the phosphorite horizon 
in the Krol belt of the Mussoorie hills. 
The stratigraphy of the Lesser Himalaya 
sequence had always been problematic 
owing to its unfossiliferous nature. Earlier 
interpretations based on lithological 
correlation advocated an age ranging from 
the Late Precambrian to the Cretaceous 
and Lower Eocene. The discovery of 
conodonts, and subsequent reports of shelly 


fauna, brachiopods and trilobites by other 
workers necessitated a revision of the 
stratigraphy of the Lesser Himalaya. It has 
now been established that the Lesser 
Himalaya sequence is largely a Late 
Precambrian/Cambrian sequence with a 
major stratigraphic gap and overlain by 
Upper Cretaceous/Lower Eocene marine 
transgression beds. 

The Indus Suture 

In plate-tectonic interpretation a suture zone 
is considered as representing the boundary 
between two separate continental plates. 
It is also believed that vast oceanic areas 
were consumed and closed along suture 
zones. North of the Great Himalayan Range 
and south of southern Tibet, a suture zone 
called the Indus Tsangpo suture was 
demarcated along the entire length (1500 
km) of the Himalaya. In order to study 
the geological characteristics and tectonic 
evolution of this suture zone, the Ladakh 
region in Trans-Himalaya was selected for 
study. Geological mapping, and petro¬ 
logical, geochemical, sedimentological and 
palaeontological investigations were carried 
out. Remote and crucial areas of the western 
and eastern suture zones, Shyok and 
Karakoram regions were mapped. Based 
on the analyses of petrotectonic 
assemblages, petrology and geochemistry, 
an ophiolite sequence at Nidar representing 
a dismembered fragment of the Mesozoic 
ocean floor, a volcanic arc at Dras, plutonic 
arc of Ladakh range, back-arc basin of 
Shyok, and fore-arc basin of the Indus have 
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been recognized. Discovery of blue schists, 
which suggests high-pressure and low- 
temperature metamorphism, ophiolitic 
melanges and trench sediments indicate a 
palaeosubduction zone. 

Plate tectonics 

Application of the plate-tectonic model to 
the geodynamic evolution of the Himalaya 
was the main thrust of research. The 
northwestern Himalaya was selected for 
study, for it exposes the northern margin 
of the Indian Plate, the Karakoram block 
of the Eurasian Plate and the suture between 
these two plates. In the plate-tectonic model 
it was postulated that the Himalayan 
mountain system originated as the result 
of collision between the Indian and the 
Eurasian plates. This generalized model 
has been elaborated and palaeotectonic 
events reconstructed. The Neotethys lying 
between India and Tibet has been shown 
to have closed owing to northward 
movement of India, resulting in the 
consumption (subduction) of the Tethyan 
ocean under the Tibet block. A volcanic- 
plutonic arc, an ophiolite slab, ophiolitic 


melanges and blue schist metamorphic belt 
representing the tectonic signatures have 
been identified, unfolding the closing history 
of the Tethys Ocean. The disappearance 
of marine environment in sedimentation 
took place in the Middle Eocene (50 million 
years ago). This event coincides with the 
timing of collision between the India and 
Tibet blocks, and also corresponds with 
the slowing down of the rate of northward 
movement of the Indian Plate. Collision 
of the continental blocks and the continued 
northward convergence of India produced 
cmstal shortening, thickening of the crust, 
and slicing of the crust into slabs. The 
cmstal slabs were stacked one upon another 
along major supercnistal thrusts, i.e. the 
Main Central Thrust, the Main Boundary 
Thmst and the Himalayan Frontal Thrust 
and were finally uplifted to form the 
Himalaya. The Indian continent is still 
converging northward at the slow rate of 
a few cm per year and the Himalaya is 
rising. The collision process operating at 
the crustal level produces brittle to brittle- 
ductile failures that trigger earthquakes, 
making the entire Himalyan belt seismically 
active. 


Vertebrate fauna from the Siwaliks 

The Cainozoic sedimentary belt of the outer 
Himalaya has yielded a rich collection of 
vertebrates, microvertebrates and 
foraminifera. The vertebrate fauna, 
including Hipparion from the Lower 
Siwalik, indicates an age of 10 million 
years on the basis of magnetostratigraphy. 
A vast fluvial system comparable to that 
of the present Kosi river has been 
recognized. A rich mammalian collection 
of artiodactyls and rodents of the Upper 
Oligocene has been collected from the 
Kargil intermontane basin in Ladakh. 

Future studies 

WIHG’s research programmes are oriented 
towards the above scenario. Presently the 
main thrust is directed towards 
understanding the geodynamic evolution 
of the Himalaya on the basis of studies in 
deformation, geochemistry, sedimentation, 
geomorphology and palaeontology. Future 
basic research programmes will give greater 
focus on processes involved in geodynamic 
evolution, dating of different tectonic 
episodes, palaeoclimate, estimation of uplift 
and erosion rates, quantitative estimation 
of the convergence rate of the Indian Plate, 
and magnitude of crustal shortening and 
neotectonic movements. Earthquake 
prediction, subsurface crustal structure of 
the Himalaya, landslides and slope stability, 
and glaciological and hydrological studies 
have been identified as the other important 
research programmes. 

Geophysical coverage of the Himalaya 
is poor. The density of the seismic 
monitoring network is inadequate for an 
in-depth study of seismicity in the region. 
Wide-angle seismic reflection profiling to 
study the crustal structure has to be 
undertaken. A heat-flow profile across the 
Himalaya, together with a magneto-telluric 
study across the profile, is necessary for a 
better understanding of the structural 
evolution of the Himalaya. 

Constraints 

One of the prime requisites for building 
an institution of high standing is to have 
men with excellence. The present position 
in geoscience in recruiting good scientists 
is not very happy, for the best talents opt 
for Oil and Natural Gas Commission 
(ONGC), Geological Survey of India (GSI) 
and university teaching jobs. The rest go 
for PhD in the universities, and these very 
students look for openings in research 
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Cartoon showing plate-tectonic evolution of Himalaya. A, About a hundred million 
years ago India started moving northward, closing the Tethys ocean gap. 
Subduction (consumption) of the Tethys Ocean under the Karakoram (Tibet) 
block produced plutonic-volcanic arc, fore-arc and back-arc basins and 
subduction complex. B, The final closure of the Tethys Ocean led to the collision 
of two continental blocks as the lighter continental crust of India could not subduct 
underneath the Tibet block. The collision tectonics produced crustal shortening 
and generated metamorphism and plutonism at greater depth. Development of 
major thrusts, nappes and folds accommodated crustal shortening. Continued 
northward convergence of India against Tibet reactivated the old structural 
features and creates new failures in rocks, making the Himalaya a seismically 
active mountain belt. 


CURRENT SaENCE, VOL. 59, NO. 10, 25 MAY 1990 


496 






S&T IN INDIA 


institutions. A majority of them have poor 
background in mathematics and 
instrumentation. 

Advancement in geoscience research is 
partly dependent on new developments in 
analytical techniques and instrumentation. 
It takes time to develop applications of 
techniques and knowledge from physical 
sciences to the study of solid-earth materials 
in geoscience. Capability-building is 
essential to orient instruments and 
techniques to the analysis of geological 
samples. The running, maintenance and 
standardization of instruments require the 
building-up of a trained and skilled 
manpower. 

Other activities 

The institute is actively participating in 
three major national-level projects 
sponsored by the Department of Science 
and Technology of the Government of India. 
These projects are: (i) Natural Resources 
Data Management System (NRDMS), (ii) 
Seismicity and Seismotectonics of the 
Himalayan region (SSTH), and (iii) 
Glaciology. Under NRDMS, a district-level 
data base of the Pauri district in Garhwal 
region of Uttar Pradesh has been established 
at the district headquarters Pauri-Garhwal. 
A computerized data base containing 
information on twelve parameters, including 
geology, land use, landslides, slope stability, 
flora, wildlife and water resources, as well 
as on some social parameters like 
population, income, etc. has been 
established at this centre. The data base 
centre runs under the administrative control 
of the District Magistrate, who finds the 
data base centre very useful in district- 
level planning. Under SSTH, two permanent 
observatories and six mobile observatories 
have been established in Himachal and 
Gaihwal. Three glaciology expeditions, with 
members from eight organizations, have 
been organized to study the Chhota Shigri 
glacier in Himachal Pradesh. 

The institute’s scientists have provided 
consultancy services on a limited scale for 
specialized jobs such as geotechnical 
feasibility of hydroelectric projects, site 


selection for bridges, transmission towers 
and deep tubewells, road alignments, and 
control of landslides. They are also carrying 
out microseismic investigations for the Tehri 
Dam project. Besides, sample analyses for 
major and trace elements, thermal analyses, 
and X-ray diffraction and scanning electron 
microscopy services have been regularly 
provided to research and service 
organizations and universities. 

WIHG organizes regional training courses 
in structural geology, sponsored by 
UNESCO, for participants from 
Afghanistan, Bangladesh, Bhutan, Burma, 
China, India, Iran, Mongolia, Nepal, 
Pakistan, Sri Lanka and Tanzania. 

Importance of Himalayan studies, 
unresolved questions, resources 

The Himalaya is very important for us 
because of its geological and geographical 
situation and because it has a direct bearing 
on the well-being of millions of people 
living in the northern and eastern states of 
India. There are three main aspects of the 
Himalaya that need better understanding 
and appreciation. These are: the geological 
and geophysical processes in mountain¬ 
building, natural resources, and environ¬ 
ment. 

The Himalayan mountain chain occupies 
a unique geological setting on our globe. 
To its south lies the Peninsular Indian 
Shield, which has the normal crustal 
thickness of 35 km, and to its north lies 
the highest plateau of Tibet, which has 
crustal thickness of 70 km. The Himalaya, 
lying in between, is considered to be a 
type-example of continent-continent 
collision orogenic belt. 

Several questions relating to the 
geological evolution of the mountain range 
remain unanswered. For example: What 
is a precise estimate of the width of the 
Tethys Ocean? What were the crustal 
processes involved in the closure of the 
Tethys Ocean? What were the 
palaeogeographic patterns in the geological 
past in the Tibet-Karakoram, Pamir, Afghan 
and Iran blocks and the Eurasian landmass? 
What is the extent of crustal shortening 


and what are the processes responsible for 
crustal shortening in the Himalaya? What 
is the nature of seismicity, and the level 
of prediction of major earthquakes in the 
Himalayan region? What were the causes 
for the uplift? What palaeoclimatic changes 
have taken place in the past 4 million years? 
There are a host of other fundamental 
geoscientific problems requiring an answer. 
The Himalaya is an excellent natural 
laboratory, exposing through its well- 
dissected valleys and uplifted mountains 
the different rock formations and stmctures 
for study. 

Estimates made on the basis of existing 
knowledge indicate that the Himalaya is 
not rich in mineral resources. Most of the 
reported economic minerals like 
polymetallic sulphides, chromite, antimony 
and tungsten constitute small-volume 
deposits; and the poor accessibility of the 
terrain makes these deposits economically 
not viable. Only the large-volume deposits, 
like limestone, magnesite and phosphorite, 
are being mined at present. The Himalayan 
rivers provide the biggest resource for 
generating hydroelectric power. They are 
perennial, being fed by glaciers, and contain 
a large volume of water. They originate at 
great heights (5000 meters) and descend 
to the alluvial plains of the Ganga and the 
Brahmaputra. These two features of 
Himalayan rivers, viz. the large volume 
of perennial water and the extreme altitude 
variation along their course, provide a vast 
potential for generating hydroelectric power. 

It will not be incorrect to say that the 
Himalayan environment has become fragile. 
The degradation in environment has taken 
place primarily owing to removal of forest 
cover and pressure of population on the 
land. Soil erosion and reduced stability of 
slopes are serious environmental problems. 
Earthquakes, landslides and avalanches are 
major geological hazards in the Himalayan 
region. 


Vikram C. Thakur is Director, Wadia Institute of 
Himalayan Geology, 33, General Mahadeo 
Singh Road, Dehra Dun 248 001. 
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Factors in the prevalence of cataract in India 
Analysis of the recent Indo-US study of age- 
related cataracts 

£>. Balasubramaniariy K. Seetharam Bhat and Gullapalli N. Rao 


Cataract is the leading cause of blindness all over the 
world. Prevention of cataract or delaying its progression 
would constitute a major achievement in human welfare. 
If the development of cataract could be delayed by 10 
years, the number of cataract operations would decrease' 
by 45%. Of the world’s 40 million blind people, cataract 
affects about 17 million and about a third of these are in 
India. The recognized causes for visual impairment and 
blindness in India are: cataract (55%), trachoma and eye 
infections (20%), malnutrition (20%), injuries (1.2%) and 
glaucoma (0.5%), with other causes accounting for the 
remainder^. Thus any plan aimed at combating blindness 
must necessarily deal with cataractogenesis. One approach 
towards this is to identify the aetiological factors governing 
cataract through epidemiological analysis of the disease. 

Physiology and anatomy of the lens 

Figure 1 illustrates the various parts of the human eye. 
The lens and cornea together constitute the major refractive 
components of the eye. The lens is a uniquely transparent, 
biconvex intraocular structure, whose shape can be altered 
by compressing or relaxing the ciliary muscles attached to 
it. It is enclosed in an elastic capsule suspended from the 
ciliary body by many fine zonular fibres which are attached 
radially at its equator. Bounded anteriorly by the iris and 
posteriorly by the vitreous gel, and devoid of any blood 
supply or innervation, it derives its nutrition from the 
aqueous humour and the vitreous geP’ 

The anatomical details of the lens are shown in Figure 
2. The lateral border of the lens is the equator and is 
formed from the union of the flatter anterior surface and 
the more convex posterior surface. The zonules are attached 
to an area approximately 1 mm in diameter on each side 
of the equator. The equatorial diameter of the lens is 6.5 
mm at birth, and increases to 9.0 mm by about age fifteen, 
and remains constant thereafter. The anterior-posterior 
diameter of the lens is 3.5 mm in the newborn and reaches 
5.0 mm in the adult. The average radius of curvature is 10 
mm for the anterior surface and 6 mm for the posterior 
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Uppal Road, Hyderabad 500 007; K. Seetharam Bhat in the National 
Institute of Nutrition, Jamai Osmania P.O., Hyderabad 500 007; and 
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surface. These measurements vary during accommodation, 
the adjustment of the focal length of the lens by changes 
in its curvature. The elastic lens capsule, made up of 
largely collagenous material, increases in thickness until 
approximately 35 years of age. 

The lens epithelium is a single layer of cuboidal cells 
which extends laterally to the equator, where the cells 
begin to elongate. The pre-equatorial epithelial cells multiply 
by mitotic division. The young cells frequently migrate to 
the equator, where they rotate and become lens fibres. 
The cells lie on their basement membrane and the capsule 
and their lateral ends are joined by large interdigitations. 
The lens cells resulting from the equatorial epithelium 



CapsulC 



Figure 2. The human eye lens. The anterior faces the iris while the 
posterior abuts the vitreous gel. 
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elongate to form fibre-like cells, which are hexagonal in 
shape in cross-section. 

The two main functions of the lens are refraction and 
accommodation. In a relaxed state the combination of 
lens shape and the refractive media acts to converge the 
parallel light rays from a distant object to focus on the 
retina^’When near objects are viewed, the divergent 
rays striking the eye must be converged by a greater amount 
to retain the focus on the retina. The lens accommodates 
by increasing its convexity to supply the additional 
convergence power necessary. Accommodation is relaxed 
when the lens assumes a flattened shape for viewing distant 
objects. 

The index of refraction of the lens (1.390) is greater 
than that of the aqueous or the vitreous humour (1.334). 
Therefore any increase in the convexity of its surface 
increases its convergence power and permits near objects 
to be focused on the retina. The total convergence power 
of the eye is approximately 60 dioptre (dioptre D is the 
reciprocal of focal length), of which 14 D is contributed 
by the lens. The amount of dioptric change that the lens 
can produce by altering its convexity is tenned the amplitude 
of accommodation. This is greatest in children 
(approximately 14 D) and decreases linearly to about 1-2 
D at about 55 years of age. 

Any opacity in the lens, whether it is a small, localized 
one or one involving the entire lens, is called a cataract 
(see Figure 5, a). Trauma, inflammation, metabolic or 
nutritional defects, and radiation damage can all induce 
such a change. However, age-related change is the most 
common and is known as senile cataract. This type of 
cataract appears usually after an age of 30 to 40 years, is 
progressive, and ultimately results in severe visual 
impairment. 

Age-related cataracts are classified either according to 
the location within the lens or according to the stage of 
development^’ The major division is between the nuclear 
and cortical types of cataract, with subcapsular cataracts 
being a special subdivision of cortical cataracts. This 
classification is particularly relevant in early stages of 
cataract, when it is easier to observe the different zones of 
the lens. Mixed cataracts are more common in advanced 
cases. Each of these different types of cataracts can be 
further graded based on the degree of change, i.e. whether 
it is early, moderate or advanced. 

The clinical symptoms of cataract are largely two-fold: 
(i) Visual impairment, which is gradually progressive, is 
the most common symptom of cataract. In nuclear cataract, 
there may be an initial shift to myopic refraction (which 
may lead to improvement in near vision, the so-called 
second sight), ultimately resulting in complete loss of vision. 
Of the subcapsular cataracts, the posterior subcapsular is 
the most common type. The initial symptoms are in the 
form of bright lights, and when the pupillary axis is involved, 
the effect can be devastating. Visual impairment progresses 
at a very rapid rate, (ii) Mononuclear diplopia or poor hue 
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discrimination may be another common symptom of nuclear 
cataract. Typically, nuclear cataracts take longer before 
they interfere sufficiently with vision to warrant extraction 
of cataract. 

The only effective treatment for cataract is surgery, 
namely cataract extraction. Significant advances have been 
made in the technique, making this one of the most 
successful and gratifying surgical expereinces. The traditional 
method has been to remove the lens in toto by the 
‘intracapsular technique’. 

In recent years the technique of ‘extracapsular cataract 
extraction’ has become popular since it is considered safer, 
with fewer postoperative complications of any severe nature. 
In this technique, the entire posterior capsule along with 
the peripheral rim of the anterior capsule are left behind 
to form the ‘capsular bag’. This also facilitates the 
implantation of a posterior chamber lens. This has become 
the most accepted method of visual rehabilitation following 
cataract surgery around the world and provides the most 
optimal visual result. The widespread application of this 
technique has limitations in India, mainly owing to economic 
considerations. While traditional methods of cataract 
extraction can be accomplished at a cost of about Rs. 200 
to 3(X), the addition of intraocular lens implantation escalates 
the cost to Rs. 2000 to 3000. This is mainly due to the 
need to provide better infrastructure for performing surgery 
as well as the cost of the implant. 

Molecular features of the lens 

As mentioned above, the lens forms as a tissue from the 
lenticular epithelial cells which differentiate into the lens 
fibre cells. The earliest protein to be expressed is y-crystallin, 
while a and P crystallins are expressed just when the 
epithelial cells are about to differentiate. The fibre cells 
become enucleated and all particulate organelles are expelled 
from the fibre cells, which consequently become 
metabolically sluggish, with little turnover. They simply 
deposit on one another, much as onion layers do, compactly 
and densely, to form the transparent, colourless, non¬ 
scattering tissue®. 

There is thus not only a temporal but a spatial segregation 
of matter and events in the lens. The core or the interior 
nucleus of the lens largely comprises y-crystallin, and since 
this part is the oldest part of the lens, this also contains 
the oldest protein population in the organism. y-Crystallins 
are monomeric proteins of molecular weight around 19- 
21 kDa, and highly homologous among themselves. The 
crystal structure of \ (now called yg) crystallin was 
elucidated in 1981 by the Birkbeck groups. It is a kidney¬ 
shaped molecule with a Greek-key folding motif, and the 
secondary structure is largely antiparallel pleated sheet 
conformation, a and p Crystallins are found more in the 
midregion and cortical regions of the lens. P-Crystallins 
are oligomeric proteins, with each protomer ranging in 
size from 21 to 34 kDa. The crystal structure of pgj^ 
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crystallin has been recently solved’®, and it is quite similar 
to that of Yg, as the high sequence homology would have 
it. a-Crystallin is also homologous to P- and y-crystallins, 
but is a very large aggregate, almost micellar, of monomers 
of molecular weight 20 kDa’^ 

About 35% of the weight of the lens is made up of the 
crystallins and most of the remainder is water. The eye 
lens is thus the most concentrated gel of proteins in water 
known so far in nature, devoid of any long-range order 
and at once plastic and elastic. Being a slowly-tuming- 
over tissue, the eye lens is an excellent reporter of cellular 
and molecular events during senescence and ageing. Chronic 
low-level assault and modifications on its components tend 
to accumulate over the years, ultimately causing covalent 
modifications and loss of solubility of the crystallins, leading 
to light scattering and precipitation, or lens opacity and 
cataract. 

Such opacification of the lens can be reversible or 
irreversible. Reversible cataract occurs upon a drop in the 
temperature of the lens and is termed ‘cold cataract’. It is 
now understood to be a phase separation of the proteins at 
low temperature, exemplifying the lower critical solution 
phenomenon’^, and occurs both at the lenticular and 
constituent molecular levels’^ Upon increasing the 
temperature, the precipitated protein redissolves in the 
medium, and transparency is restored. Another case of 
reversible opacification of the lens is encountered in the 
early stages of the induction of cataract in experimental 
animals by a high-sugar diet. When rats are administered 
a 30% galactose diet, lens opacification starts within a 
week and becomes irreversible after three weeks on the 
diet. However, if normal diet is restored, even after 10-12 
days after the start of the high-galactose diet, the opacity 
can be cleared. This reversible ‘cataract’ is essentially a 
situation of vacuole formation in the lens upon osmotic 
stress, and is cleared upon withdrawal of the stressful diet 
early enough. 

Irreversible opacity usually occurs owing to covalent 
chemical changes in the crystallins, leading to loss of 
solubility. Intermolecular aggregation and cross-linking of 
proteins are seen in cataractous lensesFigure 3 shows 
the electrophoretic gel pattern of the proteins from a 
cataractous lens extracted at the L. V. Prasad Eye Institute. 
Indeed, even as a normal lens ages, the relative amounts 
of high-molecular-weight and water-insoluble proteins in 
it increase (Figure 4), and the extent of light scattering 
also increases while transmission decreases’^’Cross- 
linking might involve intermolecular disulphide bridges, 
as well as non-disulphide bonds whose exact nature is yet 
to be clarified. 

Besides having high-molecular-weight cross-links and 
insoluble proteins, a cataractous lens is often also coloured 
(Figure 5), or contains chromophores other than the 
phenylalanyl, tyrosyl and tryptophanyl residues of the protein 
chains’’. These chromophores might occur either in the 
protein-bound or in the free form, and are thought to 



Figure 3. Polyacrylamide gel electrophoresis of human cataractous lens 
crystallins in presence of sodium dodecylsulphate and p- 
mercaptoethanoK Notice the presence of high-molecular-weight proteins 
in the gel. In comparison, a young infant lens has proteins only in the 18- 
20 kDa region. 



Figure 4. Distribution of proteins of individual normal human lenses 
among the soluble (O), insoluble (•), and high-molecular-weight (x) 
protein fractions as a function of age. Data from ref. 16. 

accumulate in the lens with time as reaction products of 
endogenous molecules, photochemically or in the ‘dark’. 
Some of them arise as oxidation products of amino-acid 
residues, e.g. kynurenines from tryptophan’^. The lenses 
of squirrels, monkeys and humans contain 
hydroxykynurenine and related molecules, perhaps in the 
free form’^. These also appear to be produced enzymatically 
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Figure 5. a. An enlarged photograph of a cataractous lens of a diabetic 
patient, extracted at the L. V. Prasad Eye Institute. The lens has been 
placed on a grid to facilitate inspection of transparency. Opacity is highest 
at the nucleus and least at the cortical exterior, b. Photoacoustic (PA) 
spectrum of a cataractous lens, showing the two major resolved bands at 
280 and 360 nm. PA spectroscopy was used so as to avoid difficulties due 
to the solid state of the intact lens and the light scattering due to the 
sample. (Spectrum by Ch. Mohan Rao, CCMB) A young and normal lens 
displays only the 280 nm band due to the aromatic amino acids of the 
constituent crystallins. The 360 nm band accumulates with age and upon 
modification of the crystallins. c. Fluorescence spectrum of the 
cataractous lens shown in a shortly after extraction. Band (a) around 340 
nm is largely due to the tryptophan residues of the lens crystallins, and is 
obtained upon exciting at 295 nm. Band (b) is obtained upon excitation at 
320 nm, band (c) upon excitation at 360 nm, and band (d) upon excitation 
at 410 nm. Notice that the intensities of the (c) and (d) bands approach 
that of band (a) in thi.:; lens; a young and healthy lens does not display 
bands (c) and (d), and only a minor band (b). A Hitachi F-4000 
spectrofluorimeter was used along with a solid-state sample holder, using 
the procedure given in ref. 53. 


from tryptophan in the human lens^°. Other chromophores 
arise as a result of glycation of the crystallins and subsequent 
Maillard (or ‘browning’) reaction^^ Some of these 
chromophores act as photosensitizers^^; they absorb light 
and transfer the excited-state energy to substrates such as 
the crystallins, leading to further coloured products and 
oxidative changes. The sensitization efficiencies of the 
kynurenine derivatives and of some coenzymes present in 
the eye have recently been evaluated by us^^, since 
electromagnetic radiation, particularly in the ultraviolet 
region, has been suggested to be a risk factor in 
cataractogenesis^^^"-”^. 

With age, the human lens accumulates as many as two 
dozen substances that absorb and/or fluoresce above 350 
nm (termed non-tryptophan fluorescence), which might 
also explain the colours of yellow, brunescent and nigrescent 
cataracts. The presence of visibly coloured substances in 
the lens should also lead to a colour-filter effect, in which 
light of some wavelength regions are transmitted to greater 
extents than that of other regions. Usually, the region 
above 550 nm seems to be transmitted more than blue and 
green light. Figure 6 shows the age-dependent deterioration 
of light transmission and also the progressive colour filtering 
of the human lens. It is interesting to ask how these coloured 
compounds originate in a tissue that is metabolically inert. 
Several of these compounds relate to the oxidation products 
of tryptophan, and occur at least in part through direct or 
through sensitized photochemical mechanisms, as mentioned 
above-'^"-'^. 

There is a correlation between diabetes and high 
endogenous glucose levels and the prevalence of 


% T 



(nm) 


Figure 6. Transmission characteristics of normal human lenses of 
various ages. Note the drop in the transmission and also the colour 
filtering (positive slope in the curves) as a function of age. 
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cataracP'^®. In this connection, analysis of the crystallins 
from aged or cataractous lenses has also revealed 
glycosylation of amino groups in the proteins. Glycosylated 
lysine has been identified in acid hydrolysates of crystallins 
from diabetic cataracts^The accumulation of polyols 
in the lens would also offer a potential source of active 
oxygen species and radicals, which would lead to protein 
cross-linking and precipitation. Inhibition of the endogenous 
enzyme aldose reductase would lead to decreased production 
of polyols and thus offer cataract prophylaxis'^'^’The 
search for safe and effective aldose reductase inhibitors 
(sorbinil, quercitrin, ICI 105552, AL 1576) and their use 
as anti-cataract drugs is an active area of investigation at 
present. 

The Indo-US cataract survey 

It is in this background that we wish to review the recent 
Indo-US epidemiological study of age-related cataract 
published last year''^ This was a cooperative study spanning 
the period August 1984--December 1987, and covered 1441 
cataract patients and 549 controls, all in the age group of 
37-62 years. The patients were referred to the Rajendra 
Prasad Centre for Ophthalmic Sciences at New Delhi. This 
study is the latest in a series of papers on cataract 
epidemiology in the subcontinent*'^'^''^^ and the most extensive 
so far. The earlier ones had found that: 

(i) Lenses removed at eye camps in Pakistan were darker 
brown, in colour than those removed in the Oxford eye 
hospital in England^"^; this is similar to the observation'^^ 
that Filipino lenses are darker brown than those from New 
York state (see Figure 5 for the colour of a cataractous 
lens from Hyderabad). This might very well reflect photo- 
oxidative processes in the lens that could be more prevalent 
in the tropical sunshine belt where cloud cover is on an 
average lower^^ Of relevance here are the studies of B. N. 
Srivastava of the National Physical Laboratory, New Delhi, 
who found that the levels of UV-B (280-320 nm) radiation 
are higher in the South Asian latitudes, and observed that 
these levels also show a seasonal rhythm (about 0.9 units 
of normalized surface UV radiance at 20° latitude on 16th 
July, dropping to about 0.6 on 16th January; the ozone 
content being about 280 Dobson units at the same 20° 
latitude on 16th July, dropping to around 240 units on 
16th January 

(ii) The incidence of cataract or aphakia is strongly age- 
dependent, jumping from 13% of the population of Punjab 
and Haryana over 30 years of age to 31% of those over 60 
years^^’ 

(iii) There might be a dietary correlation with cataract, 
e.g. high mineral intake caused by drinking up to 5 litres 
of the local water daily and heavy consumption of yogurt^^* 
This could lead to the chronic accumulation of metal ions 
such as Ca^^ in the lens. Abnormal levels of Ca^*^ lead to 
lenticular opacity through a variety of means, such as 


membrane permeability changes, precipitation of calcium 
oxalate and phosphate, binding to the crystallins and 
precipitation, transglutaminase-mediated crystallin cross- 
linking, and so on'^^^'^. 

(iv) Malnutrition‘s* and gastrointestinal infection resulting 
in diarrhoea leading to malnutrition, acidaemia, uraemia 
and dehydration'^^ might correlate with cataract incidence. 
Figure 7 is a speculative scheme suggested by Harding, 
indicating possible relationships between diarrhoea and 
cataract. We highlight it here in order to draw attention to 
the role of cyanate, which (a) was seen both in vitro in 
rabbit lenses**^® and in human cataract lenses from Pakistan-^’ 
and (b) could have been important in the Bhopal gas tragedy 
of 1984, in which methyl isocyanate caused damage to 
the eyes and other tissues of the affected population''-. 

(v) The influence of genetic factors in cataract is a possibility. 

The Indo-US study analysed the cataracts of the 1441 
patients and classified them largely into four types, namely 
pure posterior subcapsular (P), pure cortical (C), pure nuclear 
(N) and mixed nuclear-cortical (M). To the extent that y- 
crystallins are largely localized in the nuclear region while 
a-and (i-crystallins occur in the cortex and midregion, 
this classification would allow us to hazard some guesses 
about the molecular features of the cataracts, a liberty that 
we take guardedly. The study is thorough in that it has 
attempted to look at as many as 55 physical, biochemical 
and behavioural parameters as possible correlates, and 
implicates at least six of them as very likely correlates of 
cataract. We comment on each of these below. 

Decreased cloud cover correlates with increased risk of 
cataract 

The odds ratio for cataract formation, computed by using 
the polychotomous logistic regression (PLR) analytic 



Figure 7. Harding’s scheme indicating possible relationships between 
diarrhoea and cataract (refs. 49, 73). 
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method, is 0.78. Cloud cover below 4 okta appears to be 
involved, and cataracts of all the four types, namely P, C, 
N and M, appear likely (an okta is one-eighth of the sky 
with cloud cover). 

We have commented on the possibility of light-induced 
covalent modifications that can be brought about both in 
the intact lens and in crystallins^^“^^ (see above). While 
the average levels of UV-B radiation are higher in the 
Indian subcontinental latitude"^, we believe that most of 
this radiation is effectively filtered by the environment, 
and by the cornea, the aqueous humour and the lens 
capsule^^; hence the photochemical changes in vivo are 
more likely due to the absorption of near-ultraviolet and 
visible radiation by endogenous chromophores in the lens 
and subsequent photosensitization of and damage to the 
crystallins^^’ Some of these sensitizers would be the 
kynurenines, anthranilic acid^^ and glycated products^^ 
That cataracts occur all through the lens (P, C, N, M) 
suggests equal vulnerability of all crystallins and/or 
accumulated events over time. 

Diets low in selected nutrients increase the risk of cataract 

The risk of cataract appears to be increased with lower 
levels of antioxidants (namely glutathione peroxidase, 
glucose-6-phosphate dehydrogenase, and vitamins C and 
E) and lower body mass index. The inclusion of blood 
biochemical factors and their assessment in each case allows 
the identification of systemic markers associated with each 
cataract type. Also, as mentioned above, oxidative 
mechanisms appear to play a role in cataractogenesis, and 
the lens has endogenous antioxidant molecules such as 
glutathione and its redox enzymes, superoxide dismutase, 
peroxidase and ascorbic acid to prevent or inhibit, either 
singly or (more likely) synergistically^^, oxidative damage 
to lens components. The Indo-US study took into account 
several nutritional factors — protein, thiamine, riboflavin, 
vitamins A, C and E, calcium and animal/vegetable sources 
in diet — appropriately weighted and found that: 

(i) In general, the higher the nutritional level of an individual, 
the less risk he faces of cataract. 

(ii) High nutrient levels protect against P, N and M cataracts; 
why the cortical (C) cataract is not equally protected is a 
puzzle here. Do the various crystallins differ in their 
susceptibility to cross-linking? Could this be a reflection 
of their individual molecular aggregation status (a-ciystallin 
is the most aggregated)? 

(iii) There is sufficiently good correlation between 
antioxidant levels, measured as A03 (referring to the 
composite levels of glutathione peroxidase, vitamins C 
and E, and glucose-6-phosphate dehydrogenase), and 
protection against cataracts of type P and P+N. 

(iv) There was no association between cataract occurrence 
and the status of thiamine, pyridoxine or vitamin E alone 
in the body. 


(v) There was, however, association between cataract and 
low frequency of current use of protein. 

Since many of these epidemiological findings are in 
accord with our nutritional studies, we comment in some 
detail on these. 

Previous studies carried out by us at the National Institute 
of Nutrition (NIN) revealed a relationship between nutritional 
status and cataract^^’^^ Such an association, beween cataract 
risk and low frequency of consumption of protein foods, 
was also reported earlier from other parts of India"^®. In 
undernourished cataract patients, i.e. those with decreased 
body mass index, the proportion of insoluble protein in 
the lens was significantly increased compared to that in 
well-nourished (with increased body mass index) patients 
while total protein remained unaltered, suggesting increased 
insolubilization of proteins in ocular tissue^"^. Further studies, 
involving protein fractionation, suggested that poor 
nutritional status in cataract patients accelerates the 
insolubilization process^l Our earlier work also suggested 
a protective role for some micronutrients, such as 
riboflavin^^*zinc and copper^*, against cataractogenesis. 
No association was observed between cataract risk and 
vitamins like thiamine, pyridoxine and vitamin E in both 
studies^’ Both these points are confirmed in the Indo- 
US study. 

A recent study"*^ confirmed the observations regarding 
the B vitamin and cataract risk reported earlier by us^. In 
their study of 77 patients and 35 referents (controls) in the 
age group 40-70 years, the investigators found that higher 
concentrations of carotene and vitamin E were associated 
with reduced risk of cataract. However, unlike the Indo- 
US survey, Jacques et al?^ did not find an association 
between cataract and antioxidant index including erythrocyte 
superoxide dismutase and glutathione peroxidase. 

Although changes in glutathione reductase activity (as 
well as its activation coefficient as a measure of riboflavin 
status) were reported to reflect changes in erythrocyte as 
well as lens riboflavin levels in laboratory animals^^■^^ 
the nature of such a relationship with respect to other 
nutrients in human subjects is not available at present. In 
the absence of a precise knowledge of such a relationship, 
it becomes difficult to interpret these results to explain 
their role in cataractogenesis. A recent study^ showed 
higher glutathione reductase activity in the lens epithelium 
of cataract patients taking thyroxine or riboflavin 
supplements than in that of non-consumers of these agents, 
and suggests a positive correlation between riboflavin status 
and glutathione reductase activity. Thyroxine is known to 
have a role in the conversion of riboflavin to flavin 
dinucleotide, the cofactor of glutathione reductase. However, 
our recent study on brunescent cataracts revealed no 
significant difference in the activity of the enzyme, in 
either the whole lens^"^ or its different regions, between 
yellow and brown lenses (Bhat et al., unpublished results). 
Riboflavin status, as measured by activation coefficient 
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ratio, was also found to be normal in both groups of 
cataractous lenses. Analysis of lens and erythrocytes from 
the same subjects with cataract might throw further light 
on the relationship between riboflavin status and cataract. 
It appears possible that in cataract the oxidant-antioxidant 
equilibrium is shifted towards oxidant stress and there 
might be an increased demand for vitamins, trace metals 
and enzymes concerned with meeting such oxidant stress. 
It is hoped that restoration of antioxidants by dietary 
manipulation may delay the onset of oxidative stress-induced 
cataract in humans. 

There is an association between increased blood pressure 
and nuclear (N) and mixed (M) cataracts 

This is in keeping with earlier studies that reported such 
an association^®’ though one of them^® found higher 
systolic blood pressure in persons with P-type cataracts 
than in persons without lens opacities. The present survey 
gives the following odds ratios for hypertension cases in 
Delhi: 1.44 for N- and M-type cataracts, 1.16 for C, and 
1.07 for P. The propensity in this case for nuclear and 
mixed cataracts is a new finding and needs further 
clarification. (Here again, the intriguing molecular question 
would be whether the nuclear y-ciystallin is more vulnerable 
in the present circumstances than, say, a-crystallin.) There 
is some evidence, however, that brunescent cataracts (nuclear 
cataracts with a high degree of scattering plus dark 
pigmentation) increased sharply depending on the geographic 
latitude of the eye camps^°. 

Taking one or more aspirin tablets a month appears to 
protect against posterior subcapsular cataracts 

This is a controversial issue not only in cataract research 
but in medical research in general. Cotlier and Sharma^^’^*’^^ 
had proposed aspirin as an anticataract agent. Harding’s 
group"^^ has suggested that aspirin prevents the carbamylation 
of soluble lens proteins and prevents cyanate-induced phase 
separation opacities in vitro (see Figure 7). Sen and 
ChakrabartP studied the conformational stability of the 
crystallins upon acetylation with aspirin, and found the 
thermodynamic stability of (\ and y-ciystallins to be reduced. 
OCL-Crystallin aggregated at lower temperature upon 
incubation with aspirin. It is not clear how these results 
may tie in with the Delhi finding of a lower odds ratio for 
P-type cataracts. Other population-based studies have found 
no evidence of aspirin prophylaxis against cataracP^-^^. 
The Oxford-based randomized six-year trial of prophylactic 
daily aspirin in over 3(X)0 British male doctors revealed 
no statistically significant difference from control subjects 
in disease prevention or protection, for either myocardial 
infarction and stroke or incidence of cataracf®. Further 
study on this problem is warranted, particularly in the 
light of Harding’s suggestion that, in diarrhoea and 
dehydration, or in renal failure situations, the high levels 
of urea would lead to cyanate accumulation and consequent 


carbamylation of crystallins, and also in the light of the 
very high risk of cataract due to diarrhoea and dehydration 
in the Indian context^^. 

Burning cheap cooking fuels such as cowdung or wood 
leads to an increased risk of cataract of the C, N and M 
types 

It is not easy to rationalize or explain this finding right 
away. One might suspect that the smoke and fumes, and 
the higher levels of particulates from burning these fuels 
— all of which are absent or negligible when cooking gas 
is used as the fuel — are involved. But then, as the study 
group itself pointed out, this finding is to be viewed in the 
larger context of the socioeconomic status of the individuals, 
since the study also finds that there is a strong association 
between lower educational achievement and cataract. 
Socioeconomic variables related to educational achievement 
are a likely explanation of this finding. In this Indian 
context, and particularly in the urban areas of Delhi where 
the study was made, lower educational levels usually also 
mean lower economic brackets, lower quality of living, 
lower levels of nutrition and diet, poorer sanitation, and 
higher rates of infection and illness. 

Smoking as a behavioural variable significantly associated 
with more cataract types in univariahle analysis 

Smoking was selected along with dietary protein, aspirin 
use, marital status, education and cooking fuel as a six- 
variable input for the PLR model analysis. Smoking was 
significantly associated with more cataract types in 
univariable analysis. So were aspirin use, marital status, 
education and fuel. Subsequently, single PLR model analysis 
left aspirin, education, fuel and dietary protein as 
significantly associated with one or more cataract types, 
and were retained for continued analysis. However, that 
smoking is associated with cataract is a tantalizing finding, 
since it has recently been shown^^ that quitting smoking 
can reduce the risk of prematurely developing cataract by 
half. It is believed that substances in inhaled cigarette 
smoke are carried internally to the eye and may contribute 
to the damage. It would also be of interest to study whether 
a similar pathway might operate in the case of smoke 
inhaled from cheap cooking fuels. 
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Propagating electroconvection in nematic liquid 
crystals under DC excitation 

V. A. Raghunathan, P. R. Maheswara Murthy and N. V. Madhusudana 

Raman Research Institute, Bangalore 560 080, India 


On the basis of a simple one-dimensional linear model 
we show for the first time that a propagating 
electrohydrodynamic instability (PI) of a nematic liquid 
crystal occurs at the threshold of DC excitation if the 
symmetry of a homogeneously aligned cell is changed 
by introducing a small 0.01 rad) pre-tilt of the director. 
Flexoelectric torques, which are nil out of phase with 
those produced by other couplings, provide the driving 
mechanism for the PI mode, whose direction depends 
on that of the applied field. We also report an 
experimental observation of this mode. 


Electroconvection in nematic liquid crystals with dielectric 
anisotropy Ae $ 0 and subjected to a DC or low-frequency 
AC electric field is well known^"^. The director n of the 
anisotropic fluid ensures that the convective instability 
occurs in the form of rolls rather than more complicated 
structures at the threshold, and the aspect ratios can be 
large 1000). At low frequencies of excitation oblique 
rolls have been found whose wave vector q makes a non¬ 
zero angle with n^, where the subscript ‘0’ indicates the 
rest state"^. This is now well understood as arising from the 
flexoelectric properties of the nematic^"^. Very recently, a 
travelling-wave (TW) mode has been discovered near the 
threshold in the normal rolls which occur at higher 
frequencies in the conduction regime, either only near the 
‘cut-off’ frequency (/^) of this regime when the charge 
relaxation time becomes comparable to the director 
relaxation time^ or, in some compounds, throughout the 
conduction regime^. Joets and Ribotta®, who have found a 
localized TW instability near /^, have speculated that 
dispersive effects in phase dynamics as well as nonlinearities 
may become important even near the onset in such cases. 

The possibility of oscillatory or TW electroconvection 
in nematics under DC excitation has been discussed by a 
few authors earlier. Ioffe, and Matyushichev and Kovnatskii‘® 
included flexoelectric terms in the electrohydrodynamic 
(EHD) equations. In the former work the jc-component of 
the bulk force due to the flexoelectric effect was neglected 
and in the latter the boundary conditions were not properly 
taken into account. These authors therefore incorrectly 
got oscillatory solutions to the EHD equations’ *. Laidlaw’^ 
argued that, for materials with Ae>0 and negative 
conductivity anisotropy (Aa = a„ - a^), an oscillatory 
convective instability may be found at DC voltages much 
above the Freedericksz threshold for static deformation of 
>e director field, but there is no experimental confirmation 


of this result. Penz’^ suggested that, for materials with 
Ae > 0 and Aa > 0, a TW convective instability could set 
in if the sample thickness is rather small, but again at DC 
voltages above the Freedericksz threshold. He also noted 
that, as the Freedericksz threshold pre-empts the TW 
solution, it may not be possible to observe the latter using 
the usual experimental geometries. Inclusion of flexoelectric 
terms in this problem suppresses the TW solution”. Thus, 
up to now, there appears to be no theoretical model that 
can give rise to TW solutions in experimentally realizable 
situations. 

In this article we demonstrate that it is possible to obtain 
a propagating solution at the threshold of DC excitation in 
an appropriate geometry. We show this by a linear one¬ 
dimensional analysis for materials with Ae = 0 oriented in 
a cell with a small pre-tilt angle p of -0.01 rad. The 
propagation is caused by flexoelectric torques that are 7C/2 
out of phase with respect to the hydrodynamic and elastic 
torques that arise in the convecting liquid. The propagation 
direction depends on the sign of the field. We also report 
experimental observations confirming this prediction. We 
must however point out that our model cannot explain the 
TW instabilities studied by earlier experimenters**’^ 


One-dimensional model for DC excitation 

For the sake of a clear understanding of the underlying 
mechanism, we make several simplifications in the problem: 
(a) The dielectric anisotropy is set equal to zero, (b) The 
angle p between n^^ and the Z-axis (see Figures 1, b and 2) 
is small enough to retain only linear terms in p. (c) We 
solve a ‘one-dimensionaT problem in which the boundary 
conditions are ignored, and, from physical considerations'"*, 
is set equal to nid where d is the sample thickness. The 
physical processes become transparent in a 1-D model, 
and a full 3-D model, which needs numerical solutions, is 
expected to make only quantitative differences^’ (d) Even 
though the flexoelectric effect tends to produce oblique 
rolls under DC excitation^, for the sake of simplicity we 
assume ‘normal’ roll solutions here. (We have confirmed 
that similar propagating solutions are found in the case of 
oblique rolls also”.) Under these approximations, the 
linearized EHD equations are^: 

(a) the Poisson equation 

AnQ - eidEJdx) + 4icp(e, + e^) = 0, (1) 
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Figure 1. a, p = 0; The space charges (shown in full circles) arising from 
the conductivity anisotropy cause EHD instability, b, p^^O; the 
quadrupoles have an out-of-phase torque due to the horizontal field 
gradients, and additional charges (in dotted circles) are collected owing to 
the horizontal gradient in the flexoelectric polarization P. 

(b) the charge continuity equation 

O0/3t) + G,0EJdx) + ^GE^ 00 /ax) = 0 , ( 2 ) 

(c) the torque balance equation 

Yi (30/30 + - ^33(3^0/3x0 - P(^i + e^) 

(3£/3x) = 0, ' (3) 

and (d) the equation of motion along the Z-axis 

a^id^Qldx 30 + Ti(a“t)^/3x0 + E^Q = 0 , (4) 

where Q is the charge density, the bend elastic constant, 
0 the angle of deviation of the director from n^, {e^ + 
the sum of the flexoelectric coefficients, a^, a^, a^, Yj =063 
- a,, and - aO the viscosity coefficients, t the 

time, and X and 2 are defined in Figure 1. The external 
DC field is applied along the Z-axis and E^ arises from 
the space charge densities (see Figure 1). It is clear that 
under the approximations made in the present model, only 
the flexoelectric terms couple to the tilt angle. Using 
solutions of the form 

0= 0jexp i {qx - (oO, etc., (5) 

the conditions for the onset of the instability are given by 

471 ^ 33 ^ 7 ^ + El ea,Aa/(Tia„) - eco^ (y, - ayT|)/a,j = 0, 

( 6 ) 

and 

CO = p(ej+ ^3)q £^^(Aa/a„+a2/T|) {(y,- ay^) (l+x/D), 

(7) 

where the charge relaxation rate 

X"’ = 47xa„/8 (8) 

and the director relaxation rate 

r’'=4(?^7(Y,-a^/n)- (9) 

If CO is zero, eq. ( 6 ) is just the threshold condition derived 
by Helfrich for the onset of stationary EHD instability*'^. 
From eq. (7), the EHD pattern always propagates for 
ie^+ e^) ^ 0. Further, since the third term of eq. ( 6 ) has a 
negative sign, the propagating solution with co 0 in fact 
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has a lower threshold than the stationary instability which 
is obtained for p = 0 . 

We can estimate £^j^from eq. ( 6 ) by setting co, which is 
expected to be small, to zero and then use eq. ( 7 ) to 
calculate co. The factor (e^ + e^) arises from the aligned 
quadrupoles of the molecules*^ and has a non-zero value 
in general. The velocity of propagation (= (ii/q) is oc q^. For 
a given sign of p and (e^ + the sign of co depends on 
that of Eq, i.e. the propagation reverses direction when the 
field is reversed. 

In the context of the 1-D model, if Ae<0 it is clear 
that the dielectric torque ^AzE^An would rotate the director 
to the P = 0 configuration for any non-zero value of E^. 
Actually, however, in a real sample with rigid boundary 
conditions, p will become Z-dependent near the threshold 
for convective instability. One could assume that at the 
threshold the dielectric torque is just balanced by the elastic 
torque to produce an ‘average’ value p in the sample. 
Using this physical approximation the first two terms in 
eq. ( 6 ) would define the Helfrich threshold corresponding 
to the Ae < 0 case. Similarly, the director relaxation time 
T (eq. 9) would have a dielectric contribution. In other 
words, a DC field would produce a propagating EHD 
instability even for this case. Detailed two-dimensional 
calculations taking into account the boundary conditions 
are now under way, and the preliminary results confirm 
the fact that a non-zero pre-tilt of the director at the aligning 
surfaces produces a propagating EHD pattern, with the 
direction of propagation reversing with the sign of the 
applied electric field. 

The physical mechanism for the propagation of the 
instability can be understood by referring to Figure 1. The 
transverse field gradient is large in the region in which the 
charge density is high. When P = 0 (Figure I, a), this 
cannot produce any torque on the quadrupoles of the 
medium. On the other hand, when p 7 ^= 0 (Figure 1, b), the 
field gradient does produce a torque on the director which 
is cleaTy 7i/2 out of phase with the torques produced by 
other physical mechanisms. Also, when P 7 ^= 0 the 
flexoelectric polarization has a divergence which gives 
rise to charge densities that are out of phase with those 
collected by the coupling of the conductivity anisotropy 
with the curvature in the medium (Figure 1, b). The force 
produced by E^ on this additional charge gives rise to 
hydrodynamic torques that are again out of phase with the 
main contributions responsible for the EHD instability. As 
a consequence of these out-of-phase torques, we get a 
slow propagation of the instability in the medium. Since 
the coupling responsible for the propagating solution is 
flexoelectric in origin, the velocity depends on the sign of 
the applied field. 

Experimental studies 

Igner and Freed*^ studied EHD instabilities in iV-(4- 
methoxybenzylidene)-4-butylaniline (MBBA) under DC 
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excitation using glass plates with SiO coated at grazing 
incidence. In this case the tilt angle at the surface is -20°, 
and they got complicated two-dimensional EHD patterns. 
On the other hand it is known that with polyimide-coated 
and unidirectionally rubbed plates the nematic orients with 
a tilt angle of -2"'. We found in our earlier studies^ that a 
mixture consisting of three chemically stable components, 
viz. CE-1700, CM-5115 and PCH-302 of Roche Chemicals, 
forms a room-temperature nematic which is well suited 
for DC studies on EHD instabilities. Charge injection does 
not play an important role in this mixture^ We have chosen 
this material doped with -2% of pentylcyanobiphenyl (5CB) 
to get Ae = 0. The conductivity of the sample was quite 
low, -10"' ^ Q"' cm"‘, giving a cut-off frequency of -15 Hz 
for the conduction regime. The two unidirectionally rubbed 
plates of the cell were aligned in a mutually ‘antiparalleT 
orientation so that is aligned with a constant angle P 
(Figure 2). We found that when the coating was made 



If’igure 2. Propagating electroconvection in a nematic under DC 
excitation. The bottom drawing shows the experimental geometry. The 
video recordings, starting from the top, correspond to: (i) t = 0, 
(ii) f = 120 s for = +2.4 V, (iii) f = 0, and (iv) r = 120 s for 
= -2.4 V. Each optical domain contains two rolls of opposite vorticity. 
The sensitivity of the DC mstability to local surface conditions causes the 
dleviations from straight rolls (x 70). 


from a solution with the standard 3% concentration of the 
polyimide, the EHD patterns were rather patchy and, further, 
the threshold varied considerably with time. Presumably a 
dense coating of polyimide acts as an insulating layer 
which reduces the field in the sample as ions collect near 
these layers. We reduced the concentration of the polyimide 
solution to about a tenth of the usual value and got better 
EHD patterns under DC excitation, probably due to a 
porous coating of the polymer. We found that the EHD 
pattern formation was more uniform when the sample 
thickness was larger. Typically we used samples with d - 
80 pm. We obtained almost ‘normaT rolls as the temperature 
was raised to 60°C (using a Mettler FP82 hot stage). 
Maintaining the voltage close to the threshold (2.2 V at 
60°C), we clearly see propagating rolls whose direction of 
propagation reverses when the field is reversed (Figure 2), 
We measured the tilt angle in the sample using an optical 
technique'^ to be := 1.2°. Using the usual values'^ ^ for the 
viscosities and elastic constants for MBBA and the measured 
values of EE and (Cj + e,), « l(U* cgs units, for 

the mixtures\ the calculated value (at room temperature) 
of is 4 V and the velocity of propagation is 0.1 pm s 
The experimental value of the velocity is 0.3 pm s ' at 
60°C. The higher value can arise partly from the lower 
viscosity at 60°C. For the experimental configuration used 
(Figure 2), the theory predicts that the direction of 
propagation is along the positive (negative) X-axis for 
positive (negative) Taking into account the image 
inversion in the microscope, the observation, which has 
been confirmed on several independent samples, agrees 
with the prediction. We must however note that the TW 
instabilities under AC excitation studied in earlier 
experiments'^’cannot be explained on the basis of our 
model. 
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Axenic culture of a vesicular-arbuscular 
mycorrhizal fungus 
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Plant Pathology Division, Central Institute of Medicinal and Aromatic Plants, Post Bag No. 1, Lucknow 226 016, India 
^Present address: Vice-Chancellor, Hamdard University, Hamdard Nagar, New Delhi 110 062, India 


A vesicular-arbuscular mycorrhizal fungus, Glomus 
aggregatum Schenck & Smith, associated with palmarosa 
(Cymbopogon martinii var. motia\ was cultured and 
maintained on a synthetic medium. Mycorrhizal 
association of the isolate was successfully established in 
callus culture, axenic plants and potted plants. The 
studies demonstrate for the first time that G. aggregatum,, 
which is considered as an obligate symbiont, can be 
grown in axenic culture. The finding is a major 
breakthrough in mycorrhizal research and has potential 
application in agriculture. 


Mycorrhizae are symbiotic associations between fungi and 
plants. The majority of vascular plants have mycorrhizal 
associationsSoil fungi that penetrate roots and form 
morphologically distinct structures called vesicles and 
arbuscules within the cortex are called vesicular-arbuscular 
mycorrhizal (VAM) fungi. VA mycorrhizae increase the 
absorption of diffusion-limited nutrients, such as phosphorus, 
copper and zinc, and thus enhance the growth of crop 
plants^. They have also been found to play an important 
role in plant-water relations and thus enhance drought 
resistance^ In addition, VAM may increase resistance to 
certain root-infecting pathogens'^. The beneficial effects of 
mycorrhizae in plant growth and their application in 
agriculture and forestry have been recognized in recent 
years. However, VAM fungi are considered as obligate 
symbionts and have not, so far, been grown on artificial 
medial They are usually maintained and multiplied in pot 
culture^. Several alternatives to pot culture have been 
proposed—in axenic plants in agar medium'^“^ sand culture*®, 
solution culture**”*'* and root organ culture*^’ *‘^. The inability 
to culture VAM fungi has been the major limiting factor 
in their application in agriculture*^. In this communication, 
we describe experiments leading to the isolation and 
culturing of a VAM fungus, Glomus aggregatum, on a 
synthetic medium. 


Methods 

Palmarosa {Cymbopogon martinii var. motia) is an important 
essential oil-bearing plant cultivated in India. Microscopic 
examination of the roots of plants growing in the 
experimental farm revealed extensive colonization by VAM 
fungi. The morphology and other diagnostic features of 
the spores extracted from the soil indicated the presence 
of two species of Glomus, namely Glomus aggregatum 
Schenck & Smith and an undetermined species of Glomus^^. 
Soil samples were collected and spores were extracted by 
wet sieving*'^. Spores of G. aggregatum were picked up 
separately under a microscope. A monoculture of G. 
aggregatum was established by inoculating palmarosa plants 
in steam-sterilized pots, with spores. Infected roots collected 
from these plants were used for the isolation of the fungus 
on White’s medium^® supplemented with 1 g 1”* yeast 
extract. Isolation was carried out by two steps using 1-1.5 
cm root segments from six-month-old plants. Root segments 
surface-sterilized with sodium hypochlorite (1-2% available 
chlorine) were transferred aseptically to petri plates (10 
cm) containing 20 ml medium. The petri plates were 
incubated in the dark at 25 ± l^'C. After 10 days the root 
segments were again transferred to fresh medium. This 
process was repeated twice in order to keep the root pieces 
moist. Each root piece was lifted from the petri plates, 
transferred to sterile distilled water, cut into two pieces, 
and aseptically placed approximately 1 cm away from the 
roots of axenic plants raised from surface-sterilized 
palmarosa seeds on White’s medium in 150-ml Erlenmeyer 
flasks. The isolate that emerged from the root pieces was 
transferred, free from the parent root segments, to White’s 
medium (supplemented with 1 g 1“* yeast extract) in 10- 
cm petri plates after 15 days of growth. 

In order to verify whether the organism isolated from 
the roots was a VAM fungus, a number of axenic palmarosa 
plants raised on White’s medium, callus cultures established 
on Murashige and Skoog (MS) medium^* supplemented 
with 1 g 1”* yeast extract, 0.25 mg 1”* kinetin, 2.0 mg 1"* 


*For correspondence 
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2,4-dichlorophenoxyacetic acid( 2,4-D)and 8 g 1“’ ^agar in 
150-ml Erlenmeyer flasks, and axenic plants differentiated 
from callus cultures on MS medium devoid of 2,4-D, but 
containing 0.25 mgA kinetin, 1 g 1'^ yeast extract and 
8 g 1"‘ agar, were inoculated with a 20-day-old subculture 
of the isolate. Thirty days after inoculation, infected callus 
and roots were examined for VAM association after staining 
with trypan blue^^. Symbiotic nature of the isolate on callus 
cultures and axenic plants was tested thrice. 

Further confirmation of the VAM nature of the isolate 
was accomplished by two glasshouse experiments. Palmarosa 
seedlings were raised from surface-sterilized seeds in pots 
filled with sandy loam soil and sterilized at 12 PC for 2 h. 
A culture suspension of the VAM isolate was prepared in 
sterilized distilled water using a third subculture of the 
isolate on synthetic medium. One-month-old seedlings were 
uprooted, dipped in the culture suspension, and one seedling 
was transferred to each sterilized pot (15 cm) filled with 
sandy loam soil (pH 8.6, available phosphorus 10 ppm, 
organic carbon 0.12%). Uninoculated seedlings transplanted 
into sterilized pots served as controls. Five replications 
were maintained in the experiment. All pots were kept in 
the glasshouse and watered regularly using sterilized tap- 
water. Three months after inoculation, growth and biomass 
production were evaluated. VAM infection was also 
determined by microscopic examination of inoculated and 
uninoculated plant roots and soils. Phosphorus content of 
the plants was estimated^^ in order to determine if P uptake 
was enhanced by the cultured VAM fungus. 

Establishment of the culture 

Palmarosa root segments infected by G. aggregatum when 
placed on White’s medium did not show any fungal growth 
after 30 days. However, when they were transferred to the 
proximity of roots of axenic plants, initiation of growth of 
fungal mycelium was observed from a few root segments 
after 20-25 days. The fungus, when transferred to White’s 
medium (supplemented with 1 g 1“^ yeast extract) in 10- 
cm petri plates, was found to be slow-growing and took 
nearly one month to grow into a lO-cm-diameter colony 
(Fig. 1, a). The subculture of the isolate at this stage was 
free from the parent root segments. The isolate was further 
maintained in culture by transfers to slants of White’s 
medium supplemented with yeast extract (1 g 1"^) after 
every 30 days. Until the time of this report fifteen transfers 
of the fungus have already been made and, apparently, no 
change in its growth rate was observed. The fungus produced 
snow-white colonies. The mycelium was submerged in 
the early stages but the growth was aerial and cottony 
later on the surface of the medium. Microscopic examination 
showed aseptate, branched, hyaline mycelium. A few globose 
or spherical double-walled chlamydospore-like structures 
were observed in older cultures (Figure 1, b, c). 

Inoculation experiments 

When inoculated onto callus cultures the isolates produced 


large aggregations of fungal hyphae and spores in the 
callus tissue (Figure 1, d, e). The spores were mostly 
double-walled and showed definite similarity with those 
of Glomus spp. Similarly, examination of roots of inoculated 
axenic plants differentiated from callus culture (Figure 1, 
/) also showed colonization by the fungus and the presence 
of typical VAM spores in the cortical cells (Figure 1, g). 
The spores were pale yellow to light brown in colour, 
globose to subglobose, and mostly double-walled. The results 
of the experiments show that the fungus isolated and cultured 
from VAM-infected roots of palmarosa is a VA mycorrhizal 
fungus belonging to a species of Glomus, Thus, culture of 
a VAM fungus was successfully established on a synthetic 
medium. 

Microscopic examination of the roots of potted plants 
inoculated with the cultured VAM fungus showed the 
presence of a large number of spores (Figure 2, a). Typical 
vesicles and numerous hyphal coils and aggregations of 
mycelia were also observed within the cortical cells (Figure 
2, b, c). The fungus also produced a large number of 
extramatrical spores in inoculated soil (Figure 2, d). The 
spore morphology indicated that root colonization was 
produced by a pure culture of a Glomus sp. The spores 
produced within the roots of infected plants and inoculated 
soils were smooth, globose to subglobose, pyriform to 
irregular spores (17.5)-96.25-(175) pm, irregular spores 
(25)-110-(145) pm, light yellow to yellow-brown to orange- 
brown in colour, with one or two separable coloured, 
laminated walls, each (l)-2.5-(4) pm thick. Subtending 
hyphae were straight, curved occasionally, regular, up to 
12.5 pm thick at spore base, otherwise (2.5)-6.25-(10) 
pm with (l)-1.5-(4) pm thick walls. The pore was usually 
open or closed by a thin, curved septum in the subtending 
hypha. Morphological characters showed significant 
similarity to G. aggregatum^"^'^^. The fungus was identified 
as G. aggregatum Schneck & Smith and the identification 
was confirmed by Dr R. E. Koske, The University of 
Rhode Island, Kingston, USA (personal communication). 
However, microscopic examination showed that the roots 
of uninoculated plants were devoid of mycorrhizal 
colonization. These findings provide further evidence that 
the fungus isolated from palmarosa roots and cultured on 
synthetic medium is a true VAM fungus. 

Finally, the enhanced growth and phosphorus uptake of 
inoculated plants (Table 1) also establish the symbiotic 
nature of the fungus. Inoculated plants showed significantly 
higher growth and greater biomass production than 
uninoculated plants (Figure 2, e). Analysis of the plants 
showed marked increase in phosphorus content of inoculated 
plants compared to that of controls, indicating enhanced P 
uptake in the former. VAM association is known to increase 
plant growth and biomass production primarily by increasing 
P uptake. This characteristic behaviour of VAM association 
was also exhibited by the cultured VAM fungus in the 
present study. 

Although there have been unconfirmed claims^^’^^, at 
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Figure 1. a, Culture of VAM fungus (G. aggregatum) growing on White’s medium supplemented with l.g 1“' yeast extract (30 days old). 
b and c, Mycelia and chlamydospore-like structures produced by the isolate in culture. Note the two-walled spore in c. d, Inoculated 
palmarosa callus with the isolate. Note aggregation of mycelium in callus cells, e, VAM spores produced by the isolate in the inoculated 
callus tissue of palmarosa./ Axenic plants of palmarosa differentiated from callus: (i) inoculated with the VAM isolate, (ii) control, g, A 
VAM spore produced by the isolate in root of inoculated axenic plants. 
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Figure 2. a. Spores pr^uced by VAM isolate on colonized roots of inoculated plants, b. Production of typical vesicles in colonized roots of 
mtKulat^ p ants by isolate, c. Production of mycelial coils in the root cortical cells of inoculated plants by VAM isolate, d. 

Extramatncal sj^res produced by the VAM isolate in soil. Note that the morphology of the spores is identical to that of spores of G. 
aggregatum, and the similarity of the young spore to structure of spores produced in culture, e, Palmarosa seedlings: (i) inoculated with 
VAM isolate, (ii) uninoculated control. Seedlings are three months old. Note the better growth of inoculated seedling 
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Table 1. Effect of G. aggregatum grown in culture on growth and 
phosphorus uptake of palmarosa plants. 

Per cent 

root Biomass Phosphorus 

Height length production (g) content 


Treatment 

(cm) 

colonized 

Fresh 

Dry 

(%) 

Inoculated with 
VAM isolate 

85** 

90 

21 ** 

g ** 

0.143* 

Control 

35 

0 

6 

2 

0.122 

S.E.* 

7.791 

— 

1.449 

0.524 

0.00458 


Growth was evaluated three months after inoculation. The data presented 
are the average of 5 replications. Phosphorus content was estimated (in 
triplicate) following the method of Jackson"-\ Per cent root length 
colonized was determined by the method of Bailey and Safir^. 
*Significance of difference: < 0.05, ** P < 0.001. 


present there are no other reports that any of the YAM 
fungi has been successfully cultured and maintained in 
axenic culture^l Hence we believe that this is the first 
report of culture of a YAM fungus on a synthetic medium. 
The present studies thus demonstrate for the first time that 
YAM fungi, which are considered to be obligate symbionts, 
can be grown in culture on a synthetic medium. The finding 
is a major breakthrough with far-reaching scientific and 
economic importance because of its significance for 
agriculture. 


1. Gerdemann, J. W., Anna. Rev. Phytopathol., 1968, 6, 397. 

2. Harley, J. L. and Smith, S. E., Mycorrhizal symbiosis. Academic 
Press, New York, 1983. 

3. Nelson, C. E. and Safir, G. R., Planta, 1982, 154, 407. 

4. Schenck, N. C., Plant Dis., 1981,65, 230. 

5. Hepper, C. M. and Mosse, B., in Tissue Culture Methods for Plant 
Pathologists (eds. Ingram, D. S. and Helgeson, J. P.), Blackwell 
Scientific Publications, Oxford, London, 1980, p. 167. 

6. Ferguson, J. J. and Woodhead, S. H., in Methods and Principles of 
Mycorrhizal Research (ed. Schneck, N. C.), American 


Phytopathological Society, St. Paul, MN, 1982, p. 47. 

7. Allen, M. F., Moore, T. S., Christensen, M. and Stanton, N., 
Mycologia, 1979, 71, 666. 

8. Hepper, C. M., NewPhytoL, 1981,88, 641. 

9. Mosse, B., J. Gen. Microbiol., 1962, 27, 509. 

10. St. John, T. V., Hays, R. I. and Reid, C. P. P., New Phytol, 1981, 89, 
81. 

11. McDonald, R. M., New Phytol., 1981, 89, 87. 

12. Elmes, R. P., and Mosse, B., Can. J. Bot., 1984, 62, 1531. 

13. Howeler, R. H., Asher, C. J. and Edwards, D. G., New Phytol, 1982, 
90, 229. 

14. Mosse, B. and Thompson, J. P., Can. J. Bot., 1984, 62, 1523. 

15. Miller-Wideman, M. A. and Watrud, L. S., Can. J. Microbiol, 1984, 
30, 642. 

16. Mosse, B. and Hepper, C. M., Physiol. Plant Pathol, 1975, 5, 215. 

17. Mugnier, M. and Mosse, B., Phytopathology, 1987, 77, 1045. 

18. Schneck, N. C. and Perez, Y., Manual for the Identification ofVA 
Mycorrhizal Fungi, University of Florida, Gainesville, Florida, 
1987, p. 245. 

19. Gerdemann, J. W. and Nicolson, T. H., Trans. Br. My col. Soc., 1963, 
46, 235. 

20. White, P. R., The Cultivation of Animal and Plant Cells, 2nd edn., 
Ronald Press, New York, 1954, p. 258. 

21. Murashige, T. and Skoog, F., Physiol Plant., 1962,15, 437. 

22. Phillips, J. M. and Hayman, D. S., Trans. Br. Mycol Soc., 1970, 55, 
158. 

23. Jackson, M. L., Soil Chemical Analysis, Prentice-Hall, New Delhi, 
1973. 

24. Schenck, N. C. and Smith, G. S., Mycologia, 1982, 74, 77. 

25. Koske R. E., Mycologia, 1985, 77, 619. 

26. Barrett, J. T., Recent Adv. Bot., 1959, 2, 1725. 

27. Hawker, L., Trans. Br. Mycol. Soc., 1962,45, 199. 

28. Berch, S. M., and Fortin J. A., Can. J. Bot, 1983, 61, 899. 

29. Bailey, J. E. and Safir, G. R., Phytopathology, 1978, 68, 1810. 

ACKNOWLEDGEMENTS. We are grateful to Prof. Arthur Kelman, 
University of Wisconsin, Madison, USA; Dr C. M. Hepper, Rothamsted 
Experimental Station, Harpenden UK, and Dr Barbara Mosse, Chantry 
Court, Glous, UK, for their valuable suggestions and critical evaluation of 
the manuscript. We are also grateful to Dr R. E. Koske, Department of 
Botany, The University of Rhode Island, Kingston, USA, for confirming 
the identification of the VAM fungus. 

17 March 1990 


CURRENT SCIENCE, VOL. 59, NO. 10, 25 MAY 1990 


513 



RESEARCH COMMUNICATIONS 


New method for benzoloxylation of 
aromatic hydrocarbons 

M. Hogale 

Department of Chemistry, Shivaji University, Kolhapur 416 004, India 

A new method for the benzoloxylation of aromatic 
hydrocarbons has been proposed by using benzoyl 
peroxide and cupric chloride supported on alumina. 
The yield of the products has been increased by about 
ten per cent over that in a procedure using benzoyl 
peroxide and a mixture of cupric and cuprous chloride. 

Benzoate esters can be prepared by the reaction of phenols 
with benzoyl chloride in presence of sodium hydroxide. 
This requires tedious reaction work-up‘. The copper(II) 
halide supported on alumina is used for halogenation in 
nonpolar solvents under mild conditions-’^ as alumina is 
most effective in activating copper chloride. Activated 
alumina has also electron acceptor properties and the 
formation of radical cation of an aromatic hydrocarbon 
adsorbed on alumina has been observed by ESR 
spectroscopy"^. Therefore, it is worthwhile using alumina 
as support to facilitate the generation of radical cation of 
the aromatic hydrocarbon. 

The advantages of this procedure are mild reaction 
condition and good yield. Dibenzoyl peroxide with Cu^"^ 
can generate benzoloxy radical, which can add to an aromatic 
ring leading to acyl benzoate-^ Many workers have used 
copf)er salt + Cu"^) to generate cuprous ion effectively^ 
and to increase the rate of the reaction. The aromatic 
benzoloxylation induced by oxygen has been reported, 
with good yield of the product. 

Here we report the benzoloxylation of aromatic 
hydrocarbon by benzoyl peroxide using copper chloride 
supported on alumina as an efficient method for the 
preparation of benzoloxy derivatives with better yield than 
in the procedure using CUCI 2 /CUCI mixture as catalyst in 
the system. 

All chemicals used were of Analar grade and used without 
further purification. Neutral alumina was from ICN 
Biomedicals (Woelm N-super-I). Carbon tetrachloride was 
dried with calcium chloride and distilled. All NMR 
spectra were recorded on a Perkin Elmer R-32, 90 MHz 
spectrometer. The product mixtures were analysed by gas- 
liquid chromatography on a Hitachi Model 163 flame 
ionization instrument equipped with a 36-30 Chromosorb 
column. 

To a solution of copper(II) chloride dihydrate (15 g) in 
distilled water (45 ml) neutral alumina (30 g, Woelm N- 
super-1) was added at room temperature. The water was 
evaporated using a rotary evaporator. The resulting alumina- 
supported reagent was dried under vacuum at 100°C for 
20 h. 

The following forms a typical experimental procedure 
for benzoloxylation of aromatic hydrocarbon: Above reagent 


Table 1. Physical data of benzoate esters of aromatic hydrocarbon. 


Compound 


Toluene 


p-Cyamene 


Naphthalene. 


r^-Xytene 


Bromobenzene 


Nitrobenzene 


Total Yield (%) 

yield (%) of substituted 

Benzoate of the benzoyloxy 

derivative products derivates 



(0.49 mol) and toluene (0.1 mol) in 50 ml acetonitrile in 
three necked flasks were warmed on water bath at 65''C. 
Benzoyl peroxide (0.02 mol) dissolved in 50 ml of 
acetonitrile was added through a dropping funnel at once 
and the mixture was stirred for 24 h. When all the peroxide 
disappeared, the reaction mixture was filtered and poured 
into ice-cold water (200 g) containing 100 ml of cone, 
hydrochloric acid. The separated organic layer was washed 
with saturated sodium carbonate (2 x 200 ml) followed by 
water (200 ml). The organic layer concentrated on a rotary 
evaporator was cooled and analysed by gas chromatography 
(Table 1). The products were characterized by NMR and 
IR spectroscopy, and gas chromatography. Dibenzoyl 
peroxide with Cu-^ adsorbed on alumina can generate 
benzoyloxy radical. Alumina acts as an electron acceptor 
to the aromatic hydrocarbon forming a radical cation. The 
CuCl^ adsorbed on alumina can generate benzoyloxy radical, 
which can attack an aromatic radical cation to form a 
cationic complex, which loses a proton to yield aryl benzoate. 
The mechanism suggested for the reaction is shown in 
Scheme 1. 

Both species, Cu"^ and AI 2 O 3 , being electron acceptors, 
generate the radical cation of aromatic hydrocarbon more 
effectively than Cu^- alone, which gets rapidly attacked 
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6 


CuCi2/Al20 
CH 3 




OCOC^Hs 


Scheme 1 


by benzoyloxy radical'; hence the proportion of the product 
formed is increased. The reaction being carried out at 
lower temperature, the rate of the decomposition of the 
benzoyloxy radical is comparatively slower. It undergoes 
competing reactions such as the radical recombination and 
chain reaction, forming little benzoic acid, carbon dioxide, 
biaryl, etc.^’ 
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Palynological dating of a coal seam in 
Ayyanapalem area, Khammam District, 
Andhra Pradesh, India 

M. Rama Rao, G. Lakshminarayana and 
C. G. K. Ramanujam 

Geological Survey of India, Southern Region, Hyderabad 500 001, India 
*Depannnent of Botany, PG College of Sciences, Osmania University, 
Hyderabad 500 007, India 

A palynological study of five subsurface samples of a 
coal seam near Ayyanapalem, Chintalapudi sub-basin 
of Godavari valley, Andhra Pradesh, was carried out. 
Twenty-five genera, including monosaccate, striate and 
nonstriate bisaccate, and trilete sporomorphs were 
identified; striate bisaccates predominate. Based on 
occurrence of Rhizomaspora, Microhaculispora, 
Indotriradites, Crucisaccites and Corisaccites, the coal 
seam is inferred to be similar in age to the Barakar 
Formation of the Lower Gondwana. 

During a test drilling (GAG-1) (17'^22"50”N, 80°40”E) for 
coal by the Geological Survey of India near Ayyanapalem, 
Chintalapudi sub-basin of Godavari valley, Khammam 
District, Andhra Pradesh, a 30-m thick coal seam (coal + 
carbonaceous shale) has been encountered at a depth of 
27 m (Figure 1). This is a significant find as it opens up a 
favourable horizon for the exploration of coal in this area. 
Recent field work has established a succession of Talchir, 
Barakar and Kamthi formations of Lower Gondwana in 
this area^ 


A palynological study of five samples covering the entire 
coal seam has been undertaken with the purpose of assessing 
and evaluating the stratigraphic position of the coal-bearing 
formation. Twenty-five genera comprising monosaccate, 
striate and nonstriate bisaccate, monolete and trilete groups 
could be identified (Figure 2). The more significant 



Figure 1. Geological map of Ayynapalem area, Khammam District, 
Andhra Pradesh. 
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monosaccites sp., Bharadwaj, 1962 (x 450). c, Lophotrihte .sp., Tiwari, 1967 
). e, Lueckisporites sp., Tiwari, 1964 (x 450)./, Rhizornaspora sp., Tiwari, 1964 
baculispora sp.. Tiwari, 1964 (x 500). i, Indotriradites sp., Tiwari, 1964 (x 450). 
sp., Venkatachala & Kar, 1966 (x 450). 


palynotaxa of this assemblage are Microbaculispora, 
Indotriradites, Cyclobaculispora, Acanthotriletes, 
Faunipollenites, Lahirites, Striatites, Rhizornaspora, 
Striatopodocarbites, Distriatites, Scheuringipollenites, 
Cimeatisporites, Densipollenites, Corisaccites and Vittatina. 

The striate bisaccates are the predominant elements of 
the assemblage but monosaccates are very few. Among 


the triletes, Indotriradites is relatively more frequently 
found. Thus, the overall assemblage, with the striate 
bisaccates predominating, when taken in conjunction with 
the occurrence of Rhizornaspora, Microbaculispora, 
Indotriradites, Crucisaccites and Corisaccites clearly points 
toward the age relationship with Barakar Formation^ l 
It may be noted that this is the first confirmed 
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palynological report of the Barakar Formation with coal 
occurrences in this area. Thus, recognition of Barakar 
Formation based upon field study is now corroborated by 
palynological study. Detailed investigation of the spore 
and pollen complex of the coal seam is under way. 
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Anticancer drugs part III: New spin 
labelled derivatives of podophyllotoxin 

Yaozu Chen, Yanguang Wang, Xuan Tian and Jinxin 
Li 

Department of Chemistry, Lanzhou University, Lanzhou 730000, 
P. R. China 

Three new spin labelled derivatives of podophyllotoxin, 
A^'-deoxypodophyllic acid-yV-[4~(2,2,6,6-tetrainethyl-l- 
piperidinyloxy)] thiosemicarbazide(GP-5,4), AT'-picro- 
podophyllic acid-N-[4"(2,2,6,6-tetramethyl-l-pipendiny- 
loxy)] thiosemicarbazide(GP-6,7) and deoxypodophyllic 
acid-[4-(2,2,6,6-tetramethyl-t-piperidinyloxy)] hydra- 
zone(GP-8,8) have been synthesized by the reaction of 
appropriate nitroxyls with hydrazides of podophyllotoxin. 

Podophyllotoxin (1) and a number of its derivatives 
possess anticancer activity and some of them have been 
extensively used clinically^Recently we have found^"^ 
that the introducing a stable nitroxyl moiety into the 
molecule of podophyllotoxin could result in compounds 
with pharmacological properties superior to those of 
the parent compounds. It was considered worthwhile to 
synthesize more spin labelled derivatives of podophyllo¬ 
toxin to find out a new anticancer drug with high 
activity and low toxicity. Therefore, in the present work 
we have synthesized N'-deoxypodophyllic acid-iV-[4- 
(2,2,6,6-tetramethyl-1 -piperidinyloxy)] thiosemicarbazide 
(GP-5,4), iV'-picropodophyllic acid-iV-[4-(2,2,6,6-tetra- 
methyU-piperidinyloxy)] thiosemicarbazide(GP-6,7) and 
deoxypodophyllic acid-[4-(2,2,6,6-tetramethyl-l-piperi- 
dinyloxy)] hydrazone(GP-8,8). 

iV'-deoxypodophyllic acid-N-[4-(2,2,6,6-tetramethyl- 
1-piperidinyloxy)] thiosemicarbazide(4), N'-picropodo- 
phyllic acid-iV-[4-(2,2,6,6-tetramethyl- 1-piperidinyloxy)] 
thiosemicarbazide(7) and deoxypodophyllic acid-[4- 


(2,2,6,6-tetramethyl-1 -piperidinyloxy)] hydrazone(8) were 
prepared as shown in Scheme 1. 

Podophyllotoxin(l), isolated from a Chinese medicinal 
herb Podophyllum emodi Wall var. Chinesis sprague, was 
used as the starting material. 

Podophyllotoxin(l) was converted to deoxypodophyllo- 
toxin(2) by Pd/C catalytic reduction. Hydrazinolysis of 
2 yielded deoxypodophyllic acid hydrazide(3). GP-5(4) 
was prepared by the reaction of 3 with isothiocyanide(9). 
The treatment of 3 with excess 2,2,6,6-tetramethyl-l- 
piperidinyloxy(lO) gave GP-8(8). The picropodophyllic 
acid hydrazide(6) (ref. 7) obtained from the hydrazino¬ 
lysis of picropodophyllotoxin(5) was converted to GP- 
6(7) under similar conditions. 

All products were purified by chromatography on 
silica gel and checked by thin layer chromatography 
with 3-5 different solvent systems. Structural characteri¬ 
zation is based on elemental analysis, MS, IR, UV and 
ESR data. 

IR spectra were recorded on 5DX infrared spectro¬ 
photometer (v^fj'Cm"^) and UV spectra on Beckman 
DU-7 ultraviolet visible spectrophotometer 
nm). MS data were obtained with a ZAB-HS mass 
spectrometer (important fragments are given with the 
relative intensities in the bracket), EPR data with 
Bruker ER-200D-SRC electron paramagnetic resonance 
spectrometer (X band, modulation frequency of 12.5 kHz, 
microwave power of 5 mW) and elemental analysis data 
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with 1106 elementary autoanalyser. Melting points are 
uncorrected. 

Deoxypodophyllotoxin( 2 ) 

A mixture of 10% Pd/C catalyst (1.8 g), glacialacetic 
acid (45 ml) and podophyllotoxin(l) (2 g, 4.8 mmol) was 
reacted with hydrogen at 95°C for 10 h. The reaction 
mixture was filtered and the catalyst was washed with 
hot glacialacetic acid. The filtrate was completely 
evaporated under vacuum. The residue was recrystallized 
from methanol, yield 1.54 g ( 88 %), m.p. 166-168°C; MS 
(El): m/z 398(M^, 100), 383(10), 353(8), 339(12), 185(22), 
181(34), 173(28), 168(17); IR: 1775(C = 0), 1590, 1500 
and 1480 (Ar)cm-^ 

Deoxypodophyllic acid hydrazide (3 / 

A mixture of glacialacetic acid (0.12 ml), anhydrous 
hydrazine ( 0.12 ml), methanol ( 0.6 ml) and 2 ( 0.6 g, 
1.5 mmol) was refluxed for 1 h on water bath. The 
reaction mixture was completely evaporated under 
vacuum. The residue was dissolved in hot water and 
filtered. Hexane was added dropwise to the filtrate until 
no more colourless precipitate formed, yield 0.28 g 
(42%), m.p. 150-155°C. MS (El): m/z 430(m'", 100), 
412(10), 399(36), 398(74), 381(24), 353(28), 339(40), 
198(98), 181(64); IR: 3640-3360(OH, NH), 1680(C = O), 
1630, 1590 and 1480(Ar)cm"^ 

GP-5(4) 

A solution of 3(0.10 g, 0.23 mmol) and isothiocyanide(9) 
(0.05 g, 0.23 mmol) in dry methylcyanide (5 ml) was 
refluxed for 1 h. The reaction mixture was completely 
evaporated under vacuum. The crude product was 
chromatographed through silica gel using CH 2 Cl 2 -ace- 
tone (2:l,v/v) as eluent, yield 0.065 g (44%), m.p. 
188-190°C. MS (FAB): m/z 645(M-" + 2, 12), 644(M+ + 1 , 
30), 643(M+, 40); IR: 3500-3300(OH,NH), 1694 (C=0), 
1588, 1504, 1483(Ar), 1365(N-0), 1230 (C = S) cm''; 
UV: 291(3950), 243(16120), .216(18230) nm; EPR: go = 
2.0058, AHo=2.61 Gs, An= 16.10 Gs (triplet peak, in 
1 X lO”'' M EtOH); Anal: Found C, 59.71; H, 7.00; N, 
8.63% (Calcd. for C 32 H 43 N 4 O 8 S, C, 59.70; H, 6.75; N; 
8.70%). 

GP-6(7) 

A solution of picropodophyllic acid hydrazide( 6 ) (2.23 g, 
5 mmol) and isothiocyanide(9) (1.07 g, 5 mmol) in dry 
methylcyanide (100 ml) was refluxed for 2 h. Removal of 
methylcyanide under reduced pressure afforded an 
orange-yellow solid. The crude product was chromato¬ 
graphed through silica gel using CH 2 Cl 2 -acetone ( 1 : 1 , 
v/v) as eluent, yield 1.68 g (51%), m.p. 183-185°C. MS 
(FAB): m/z 661(M+ + 2,9), 659(M'",3), 643(5); MS(EI): 
m/z 414(84), 396(22), 183(30), 124(100). IR: 3500-3300 


(OH, NH), 1694(C = 0), 1588, 1510, 1483(Ar), 1365(N-0), 
1236(C = S) cm''; UV: 291(3350), 244(14730) and 218 
(15140) nm; EPR: go = 2.0061, AHo = 2.66Gs, An = 
16.19Gs (triplet peak, in 1 x 10“'’^ M EtOH). Anal: 
Found C, 58.19; H, 6.56; N, 8.40% (Calcd. for 
C 32 H 43 O 9 N 4 S, C, 58.27; H, 6.58; N, 8.50%). 

GP-8(8) 

A mixture of deoxypodophyllic acid hydrazide(3) 
(0.60 g, 1.4 mmol), 4 -oxo- 2 , 2 ,- 6 , 6 -tetramcthyl-l-piperi- 
dinyloxy(10) (0.51 g, 3 mmol) and dry benzene (10 ml) in 
the presence of glacialacetic acid (4 drops) as catalyst 
was refluxed for 2 h. After removal of solvent, the crude 
product was chromatographed twice through silica gel 
using CH 2 Cl 2 -MeOH ( 12 : 1 , v/v) as eluent and CH 2 CI 2 - 
acetone (1:1, v/v) as eluent. A orange-yellow powder 
was obtained, yield 0.41 g (50%), m.p. 118-120‘’C, 
[a]f=-212° (C = 0.43, EtOH). MS(El): m/z 583 
(M + + l,12), 582(M+,2), 568(10), 567(14), 51(X20), 398(100). 
IR: 3500-3400 (OH,NH), 1750(C=O), 1580, l500(Ar), 
1365 (N-O)em''. UV: 295(5530), 228(24600), 

207(55000) nm- EPR: g,, = 2.0057, Ho = 1.70 G.v, A^ = 15.23 
Gs (triplet peak, in 1 x 10“''^ M EtOH). Anal: Found C, 
63.88; H, 7.14; N, 7.05% (Calcd. for C 31 H 40 O 8 N 3 , C, 
63.92; H, 6 . 88 ; N, 7.20%). 

The above compounds were tested for antimitotic 
activity by following the method described earlier’' and 
was found to be less active (ID 5 o = 4.6 x 10 ^* for 8 and 
1050 = 1 . 9 x 10”^ for 4 respectively) compared to the 
parent compound 2 (ID 5 o = 8 . 0 x 10'“ M). C\')mpound 7 
is inactive for antimitotic activity. 
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Effect of water stress on germination 
and seedling growth of three vegetable 
pea {Pisum sativum L.) varieties 

A. Kumar, S. Prakash and M. C. Nautiyal 

G. B. Pant University of Agriculture and Technology, Hill Campus, 
Ranichauri 249 199, India 

Three pea varieties—^Arkel, Pant Uphar and Azad Pea 
1 — were tested for germination percentage, seedling 
growth and changes in total lipid content of roots under 
different moisture conditions. Germination was highest 
(98%) in Azad Pea 1 after eight days of incubation at 
24±1^C, while only 48% and 50% germination was 
achieved in Arkel and Pant Uphar respectively. Although 
there was no significant difference in germination 
percentages between seeds germinating at 0 and -3.0 
bar water potential, higher water stress drastically 
reduced germination in all three varieties. Average root 
and shoot lengths and total lipid content of roots of 
eight-day-old seedlings decreased in all three varieties. 
However, total lipid content remained higher in Azad 
Pea 1. The results suggest that lipid content of roots 
may be positively correlated with per cent germination. 

Seed germination phase of plants is critical for raising a 
successful crop as it determines the crop stand density and 
consequently the yield of resultant crop, especially when 
germinating seeds are subjected to moisture stress in soil. 
Although voluminous literature is available about the 
germination behaviour of certain crops and biochemical 
changes associated with germination under moisture stress, 
little is known about some promising varieties of vegetable 
pea. The present investigation was therefore undertaken 
to study germination percentage, seedling growth and 
changes in total lipid content of roots under different moisture 
stress conditions. 

The experiments were conducted on three promising 
pea (Pisum sativum L.) varieties—Arkel, Pant Uphar and 
Azad Pea 1 — between 5 November and 28 December 
1987 under laboratory conditions. Osmoticum solutions of 
-3.0, -5.0, -7.5 and -10.0 bar water potentials were prepared 
separately by dissolving 11.5, 19.4, 23.5 and 28.9 g of 
polyethylene glycol ‘6000’ respectively, in 100 ml of distilled 
waters Seeds were surface-sterilized for five min in 0.1% 
mercuric chloride solution, placed in sterilized 9 cm diameter 
glass petri dishes lined with Whatman No. 2 filter paper 
moistened regularly with water or PEG solution during 
dark incubation at 24±1^C. 

Radicle protrusion (2 mm) was the criterion used for 
germination, and cumulative percentages of seed germination 
were determined for each treatment. Seedling growth (shoot 
and root length) was measured after eight days of incubation 
(a stage at which 98% germination in one variety, Azad 
Pea 1, was recorded in control, i.e. -0 bar water potential) 
at 24±1®C in different treatment solutions. Total lipids 


were extracted from roots^ of eight-day-old seedlings of 
the three varieties incubated under different water potentials 
and estimated gravimetrically. The experiments were 
repeated thrice and data subjected to statistical analysis. 

Germination of seeds of Azad Pea 1 was maximum 
(98%) after eight days of incubation at 24±1®C in control 
while only 48% and 50% germination was achieved in 
Arkel and Pant Uphar, respectively, (Figure 1). Although 
there was no significant difference in germination 
percentages at 0 and -3.0 bar, higher water stress (-5.0, 
-7.5 and -10.0 bar) drastically cut down the germination 
percentage of all the three varieties. While at -5.0 bar 
40% and 38% germination could be achieved in Azad Pea 
1 and Pant Uphar respectively, only 10% germination could 
be achieved in Arkel. Further, at -7.5 and -10.0 bar no 
germination response was recorded in Arkel, and only 
15% and 10% in Pant Uphar, and 17% and 0% in Azad 
Pea 1. The decrease in germination percentage under 
moisture stress conditions has also been reported in maize 
composites^ and wheat hybrids'^. 

With decrease in water potential, average root and shoot 
lengths retarded in all the three varieties (Table 1). However, 



Figure 1. Germination percentage of seeds of pea (Pisum sativum L.) 
varieties Azad Pea 1, Arkel and Pant Uphar at different external water 
potentials. Dark incubation was at 24±1®C. Mean ± SE of 4 replications, 
each of 25 seeds. 
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Table 1. Changes in shoot and root lengths of 8-day-old seedlings of pea {Pisum sativum L.) varieties 
under different external water potentials. Dark incubation was at 2411^*0. 


Water potential 
(bar) 

Av. shoot length (cm) 

Av. root length (cm) 

Root/shoot ratio 

Arkel 

Azad 
Pea 1 

Pant 

Uphar 

Arkel 

Azad 
Pea 1 

Pant 

Uphar 

Arkel 

Azad 
Pea 1 

Pant 

Uphar 

(Control) 

1.00 

3.90 

2.30 

1.60 

8.60 

3.10 

1.60 

2.21 

1.35 

-3.0 

0.60 

2.00 

1.23 

1.60 

3.80 

1.74 

2.66 

1.90 

1.41 

-5.0 

0.30 

0.60 

0.54 

0.90 

2.50 

1.70 

3.00 

4,15 

3.15 

-7.5 

— 

0.40 

0.52 

— 

2.20 

1.60 

— 

5.50 

3.07 

-10.0 

— 

— 

0.50 

— 

— 

1.50 

— 

__ 

3.00 


- No germination. 

L.S.D. (at 5% level of significance) = 1.08. 


at —3.0 and -5.0 bar, average root and shoot lengths were 
higher in Azad Pea 1 followed by Pant Uphar and Arkel 
while at -7.5 bar average shoot length was higher in Pant 
Uphar and average root length was higher in Azad Pea 1. 
Restricted water availability of over -3.5 bar has been 
reported to result in shorter and thinner pea roots^. 
Retardation in growth (shoot and root lengths) in response 
to increasing moisture stress has also been reported in 
maize composites'* and wheat hybrids'^. Data on root : shoot 
ratio (Table 1) revealed that in all the three varieties it 
increased with decreasing water potential. Growth of roots 
is reported to be less affected by water shortage than that 
of aerial parts^. 

There was marked reduction in total lipid content of 
roots of eight-day-old seedlings of all the three varieties 
(Figure 2) with decrease in water potential. However, total 
lipid content at decreasing water potentials remained higher 
in Azad Pea 1 followed by Pant Uphar and Arkel and this 
pattern closely followed the germination pattern of these 
varieties at decreasing water potentials. More reduction in 
membrane phospholipids is reported in drought-sensitive 
varieties than that of drought-resistant varieties’^. The present 
results (Figures 1 and 2) revealed that the variety (Azad 
Pea 1) exhibiting higher total lipid content of roots at 
decreasing water potentials showed higher germination 
percentage and seedling growth and vice versa. Higher 
lipid content of roots of Azad Pea 1 even at increasing 
water stress conditions appears to be significant in 



'igure 2. Total lipid content of roots of 8-day-old seedlings of varieties 
Lzad Pea 1, Arkel and Pant Uphar or pea {Pisum sativum L.) after dark 
icubation at 24±1°C in different water potentials. 


maintaining the membrane integrity of roots and providing 
energy to carry out essential metabolic processes during 
germination. Further, the sharp decrease in total lipid content 
of roots under water stress conditions may either be due to 
its degradation during germination^ or lack of de novo 
synthesis. 

The results thus, suggest that such studies on the evaluation 
of drought-resistant character should be extended to other 
crops as well with the use of polyethylene glycol ‘6000’. 
Knowledge of the critical water potential that prevents 
seed germination and retards seedling growth of a particular 
crop/variety is valuable for agricultural workers. 


1. Hadas, A., J. Exp. Bot., 1976, 27, 480. 

2. Kates, M. and Eberhardt., Can. J. Bat., 1957, 35, 895. 

3. Singh, K. P. and Singh, L., Acta. Bat. Indica, 1981,9, 141. 

4. Singh, K. P. and Singh, K., Indian J. Plant Physiol, 1982, 25, 180. 

5. Eavis, B. W., Plant Soil, 1972, 36, 613. 

6. Peters, D. B. and Runkles, J. R., in Irrigation and Agricultural Lands 
(eds Began, R. M., Haise, R. H. and Edminisler, T. W.,), Agronomy 
Series, American Society of Agronomy, Madison, Wisconisin, 1967, 
p. 373. 

7. Bell, D. T., Koeppe, D. E. and Miller, R. J., Plant Physiol, 1971, 48, 
413. 

8. Varner, J. E., in Plant Biochemistry (eds Bonner, J. and Varner, J. E.), 
Academic Press, New York, 1965, p. 763. 

8 May 1989 


A new hybrid between Aegilops and 
Secale 

J. S. Bijral, Bikram Singh, K. S. Kanwal, B. B. Gupta 
and T. R. Sharma 

Sher-e-Kashmir University of Agricultural Science and Technology, 
Regional Agriculture Research Station, R. S. Pura 181 102, India 

Without employing embryo culture techniques, 
intergeneric hybrids between Aegilops bicornis and 
tetraploid rye {Secale cereale) were produced. The hybrid 
plants were completely male sterile with dominant rye 
characters. Preponderance of univalents at metaphase- 
I indicated lack of homology between the chromosome 
complements of the parental species. 

Without using embryo rescue and culture techniques, an 
intergeneric hybrid between Aegilops bicornis (Forsk.) Jaub 
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et Spach (2n=l4=S^S^) and Secale cereale L. 
(2a 2=28=RRRR) was produced under the collective idea of 
‘adding genetic variability’. The Aegilops X Secale hybrid 
is of interest because it offers a unique opportunity to 
study how Aegilops and Secale nuclear genomes interact 
in Aegilops cytoplasm. Further, because the chromosomes 
of S. cereale are markedly larger than those of A, bicornis 
this hybrid also provides an excellent material to study 
the biosystematic relationships between the two genera. 

The Fj hybrid plants were vigorous, well spiking and 
completely male sterile, with dominant rye characters, but 
the spikes lacked awns (Figure 1). Attempts were made to 
produce amphidiploids by treating Fj hybrid plants at 3-4 
tiller stage with 0.25% colchicine solution. However, the 
treated plants remained self-sterile and no viable pollen 
was observed in any of the anthers. Further, one cultivar 
each of bread wheat (Chinese Spring) and hexaploid triticale 
(TL 2396) was crossed onto the intergeneric hybrid and 
only two seeds, one per cross, were obtained. The seed set 
also confirmed the partial viability of female gametes. 

At the meiotic metaphase-I in the Fj hybrid, majority of 
the PMCs studied revealed the preponderance of univalents, 
though up to three (maximum) atypical rod bivalents were 
also recorded. On the basis of distinctly larger size and 
morphology of the chromosomes, it could be inferred that 
the observed bivalents were autosyndetic in nature, and 
were from the rye genome. Occurrence of autosyndetic 
paring between the chromosomes of R genome conforms 
to that reported earlier'. Meiotic configurations (MI) further 
suggest as if Aegilops cytoplasm is less congenial for bivalent 
fonnation. Had there been no effect(s) of Aegilops cytoplasm, 
RR genome from tetraploid rye should have formed seven 
bivalents at metaphase-I as against three (maximum) 
observed autosyndetic bivalents (T. Tsuchiya, pers. 
commun.). Since the reciprocal crosses were not available, 
the probable implication of Aegilops cytoplasm in the 
suppression of autosyndetic pairing could not be confirmed. 



Figure 1. Three spikes of the hybrid between Aegilops bicornis and 
Secale cereale (left) and two spikes of Secale cereale (right). 


This inference, however, merits further investigation. 

Absence of heteromorphic bivalents(s) on the other hand, 
is indicative of non-homology existing between the 
chromosome complements of the parental genome. 

A. bicornis and 5. cereale are known for their high 
degree of resistance to different pathogens. A few desirable 
traits include; powdery mildew resistance in A. bicronis, 
and rust resistance coupled with high protein content in 5. 
cereale Intergeneric hybrid under report was basically 
produced for reciprocal transfer of desirable traits from A. 
bicornis to the cultivar(s) of 5. cereale. However, the 
failure of chiasmata associations between the chromosome 
complements of the parental genomes suggests that an 
effective isolation barrier does exist which, unless some 
specialized techniques'"^ allowing the breaking and fusion 
of chromosomes are employed, would not permit the 
recombination and transfer of genetic information between 
the two genera. 


1. Berg, H. Z., Zucht., 1931,17, 55. 

2. Bhatia, C. R., in Induced Mutation in Cross Breeding, IAEA, Vienna, 
1976, pp. 141-148. 

3. Feldman, M., Acta Biol. Yugosl. Gene:., 1983,15, 145. 

4. Kimber, G., Indian J. Genet., 1971, 31, 580. 

5. Sears, E. R., Stadler Genet. Symp. Univ. Missouri, 1972, Vol. 4, pp. 
25-38 

5 April 1989 


Some biochemical changes in the shoots 
of pearl millet infected by downy 
mildew 

G. R. Kumhar, R. Ganesh and V. N. Pathak 

Department of Plant Pathology and Biochemistry, Rajasthan College of 
Agriculture, Rajasthan Agricultural University, Udaipur 313 001, India 

In order to probe into certain biochemical changes in 
the pearl millet shoots infected with downy mildew 
pathogen {Sclerospora graminicola (Sacc.) Schroet), total 
leaf chlorophyll^ total phenol and total free amino acid 
contents in the shoots and the specific activity of the 
enzyme nitrate reductase in both shoots and roots of 
the host were analysed. The estimations revealed that 
the total leaf chlorophyll, total phenol and total free 
amino acid contents were found low whereas the nitrate 
reductase activity was found to be high in both the 
diseased shoots and roots of pearl millet {Pennisetum 
americanum L. Leek). 

Pearl millet {Pennisetum americanum L. Leek) downy 
mildew {Sclerospora graminicola (Sacc.) Schroet.) is a 
national problem. Various biochemical alterations take place 
during pathogenesis but these have not been studied 
systematically. This communication reports changes in the 
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Table 1. Biochemical changes in diseased leaves, shoots and roots of pearl millet infected by 

downy mildew. 




Healthy 


Diseased 


Parameters 

(units) 

Leaves 

Shoots 

(L+S) 

Roots 

Shoots 
Leaves (L+S) 

Roots 

Total chlorophyll 
(mg/g, dry wt) 

1.36x10-3 

— 

— 

0.49x10-3 — 

— 

Total phenols 
(mg/g, fresh wt.) 

— 

2.584 

— 

— 3.876 

— 

Total free amino acids 
(mg/g, fresh wt.) 

— 

— 

0.686 

— 0.294 

— 

Nitrate reductase 
(moles of NO^ transfored/ 
min/mg protein) 

_ 

0.0090 

0.0503 

— 0.0140 

0.01416 


(L = Leaves; S = Stem.) 


total chlorophyll in leaves, total phenols and total free 
amino acids in the shoots and roots of healthy and diseased 
plants. 

Downy mildew sporangia were sprayed on 7-day-old 
plants of NHB-3 variety raised in 12" pots. Total leaf 
chlorophyll’, total phenols^, total free amino acids-\ nitrate 
reductase'’, and enzyme-protein^ were estimated 15 days 
after appearance of symptoms. 

The loss in total chlorophyll confirmed the earlier findings 
in pearl millet^ and sorghum‘s during pathogenesis (Table 
1). The present results for the total phenols also agree 
with those in downy mildew-infected plants®'”. 

Lower contents of total free amino acids during 
pathogenesis support earlier findings with pearl millet”^ 
and cowpea infected with mosaic virus’^. 

Our observations on the activities of nitrate reductase, 
during pathogenesis, in both roots and shoots of pearl 
millet are contrary to those observed in rice leaves infected 
with bacterial blight'^ and the resistant and susceptible 
cowpea varieties infected with mosaic virus’I The possible 
reasons for the high nitrate reductase activities in the diseased 
plant-parts could be due to a greater induction of the enzyme 
during pathogenesis. It may also be possible that the pathogen 
generates this enzyme in order to utilize the free nitrate 
present in the host tissues. The roots might be absorbing 
more nitrate from the soil to meet the demands of both the 
host and pathogen. In turn, nitrate transformed into nitrite 
and further into ammonia might be getting incorporated 
rapidly into the amino acids, thereby enhancing protein 
metabolism and also helping the host photosynthetic 
processes to speed up in spite of the loss in total chlorophyll 
content. 

These possibilities remain to be investigated to understand 
overall biochemical changes during pathogenesis. 
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Natural selection in varietal mixtures of 
greengram (Vigna radiata (L.) Wilczek) 

A. K. Chhabra and V. P. Singh 

Department of Plant Breeding, Haryana Agricultural University, 

Hisar 125 004, India 

The competitive ability of eight greengram genotypes/ 
varieties in relation to their respective yield, disease 
reaction and pod traits vras studied. Initial sowing was 
done by mixing the seed of each variety in equal 
proportion (12.5%). Single pod from each plant was 
plucked, identifled and number of plants of each variety 
was counted at harvest Successive sowing for four seasons 
was done by taking a large random sample from the 
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bulked seed of previous harvest. The plot was kept 
contiguous with other yield testing plots each season 
which facilitated the comparison of disease and yield 
data with the competitive ability of varieties in mixture. 
Seeds per pod, ovule sterility and pods per plant were 
also recorded. Yielding potential of varieties did not 
correlate with their competitive ability. Disease data 
correlated rather closely to yield data, but not to 
competitive ability. Change in relative proportion was 
generally due to significant change of pod characters. 

The fact that natural selection plays an important role in 
the crop plants is well recognized. The rate at which such 
changes occur has been worked out by various workers in 
wheat and barley. Harlan and Martini* determined the rate 
of natural selection in a mixture of 11 easily recognized 
varieties of barley. They conducted the experiment at two 
locations for 4 to 12 years. Rapid elimination of the less- 
adapted sorts was observed at all the locations. At most of 
the places leading variety dominated in the mixture rapidly. 
In some cases, a particular variety dominated at one place 
and eliminated at other. Few varieties survived at all 
locations and few increased for a time and then decreased. 
Laude and Swanson- reported cumulative changes in 
mixtures of Kanred with Harvest Queen and with Currel 
at two locations over a period of nine years. The rate of 
change was so rapid that within nine years the mixture of 
two paired varieties shifted to almost pure stand of Kanred. 

The objectives of the present study were to study the 
competitive ability of greengram varieties and 
relationship with their respective yield, disease reaction 
and pod traits. 

In the present experiment conducted at Haryana 
Agricultural University, Hisar, 150 seeds of eight easily 
recognized varieties of greengram either on the basis of 
seedcoat colour, size or plant pigment, were mixed together 
for the initial seeding in summer 1986 (S-86). Seeds were 
sown at a distance of 20 cm so that no thinning is required 
afterwards. Row length was kept 40 m, row-to-row spacing 
being 40 cm. At the time of harvest, single pod from each 
plant was plucked, identified and number of plants of 
each variety was counted. The threshed seed of whole 
plot was bulked and random sample to raise 1500 plants 
approximately was taken for next seeding. This plot was 
contiguous and comparable with other breeding and yield 
testing plots each season. This facilitated the comparison 
of disease and yield data with the competitive ability of 
varieties in mixture. The experiment was continued in a 
similar way for four seasons, i.e. summer 1986, kharif 
(rainy)-1986 (R-86), summer 1987 (S-87) and rainy 1987 
(R-87). 

The rate at which natural selection occurred was 
determined on the basis of number of plants survived of 
each variety in the mixture. Various pod characters were 
also recorded. For each variety, ten randomly selected 
plants were evaluated ignoring border plants to avoid border 


effect. Measurements on individual plants were taken for 
all the following traits. 

Number of seeds of ten pods taken at random from 
each plant was counted and average was worked out. 

Ten same pods taken for aforesaid trait were used. Number 
of chambers in each pod was counted. 

Per cent ovule sterility was calculated as: 

(Number of chambers - (Number of seeds 
per pod) per pod) 

Ovule sterility (%) =-x 100 

Number of chambers per pod 

All the pods in a plant were counted at the time of 
maturity. 

The rate of change in the relative proportion of varieties 
in mixture (Figure 1) was so rapid as to shift the varietal 
ratios from equal proportion (12.50%) to more than 70% 
of MH 309 and K851 together after four seasons. Three 
varieties, viz. 12/333, MH 85-75 and T-44 were eliminated 
from the population. To interpret these results, special 
consideration was given to pod characters, yield and leaf 
diseases. 

It is evident from Table 1 that the average yields over 



Figure 1. Shift in proportion of eight greengram varieties after four 
seasons of successive seedlings. 
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Table 1. Change in various pod traits in a mixture of eight greengram varieties grown from successive seedings, 

summer 1986-rainy 1987. _ 


Variety 

Per cent increase (+)/decrease 
after summer 1987 


Ovule sterility (%) 


Seeds per pod 

Pods per plant 

Original 

S-1986 

R-1986 

S-1987 

MH 309 

+ 11.67 

+48.59* 

1.02 

1.00 

0.97 

0.89 

K851 

+ 10.68 

+ 43.28* 

1.32 

1.13 

1.22 

1.52 

MH 85-143 

-29.84* 

-20.21 * 

11.00 

12.00 

13.85 

18.75* 

MH 84-1 

+ 16.67* 

-18.16* 

2.20 

1.37 

2.00 

0.50 

11/395 

+ 2.30 

-24.95 * 

4.80 

5.06 

5.12 

3.98 

12/333 

-39.19* 

-65.81* 

11.20 

13.44 

16.70 

18.29* 

MH 85-75 

-32.34* 

+ 2.74 

13.70 

15.05 

19.75 

23.42* 

T-44 

-14.61 * 

-32.55* 

1.32 

1.14 

1.95 

2.89 


S, Summer season; R, Rainy season; *Significant at/*=0.05. 


seasons of the component varieties comparably grown from 
S-86 to R-87 placed the varieties in the order MH 309, 
MH 84-1, K 851, 11/395, T-44, 12/333, MH 85-75 and 
MH 85-143. Variety MH 309 remained at the top, MH 
85-75 at seventh and MH 85-143 at the last position in 
all the seasons. MH 84-1 was at the top (at par with MH 
309) during R-86 and second during S-87 and R-87. This, 
when related to Figure 1, is conclusive evidence that the 
relative yield of a variety is not necessarily a criterion of 
its ability to survive in competition with other varieties. 
In the case of T-44 and MH 85-143 there was a continuous 
decline in proportion without a single significant resurgence 
due to any seasonal yield advantage for the variety and it 
was just opposite for K 851 and MH 309. In the case of 
12/333 one upturn (S-86) and three precipitous declines 
(R-86, S-87, and R-87) were observed. None of these 
could be explained from the variety yield data in respective 
years. 

Prevalence of yellow mosaic virus was extremely severe 
during rainy 1987, whereas, summer 1987 was relatively 
disease-free period (Table 2). The differences in yield of 
component varieties during S-87 were not conspicuously 
reflected during R-87 in changing the relative proportions 
accordingly. During the disease-free period, yield of all 
the varieties was numerically maximum when compared 
to other seasons. However, remarkable decline in relative 
proportion during next season (R-87) was noticed in T-44, 


12/333, MH 85-75 and MH 85-143. Whereas, variety 
11/395 exhibited a non-significant increase in its proportion 
during R-87 after two declines in previous seasons (Figure 
1). Thus, the disease daia relate rather closely to yields, 
but not to competitive ability. 

The difference in number of seeds per pod, pods per 
plant and ovule sterility was reflected in next season in 
changing the relative proportion. The significance was 
tested using paired t test for pod traits in all the seasons 
(Table 3). The rate of increase in the relative proportion 
of MH 309 and K 851 was attributed to corresponding 
significant increase in production of number of pods per 
plant, whereas, decline in the proportion of 11/395 during 
R-86 and S-87 was ascribed to significant decrease in 
pods per plant. There was drastic decline in proportion of 
MH 84-1 during S-86, afterwards it increased slowly. This 
decline was ascribed to significant less production of pods 
per plant and slower increase to more production of pods 
per plant and seeds per pod. Continuous progressive decline 
was observed in MH 85-143. This was due to significant 
decrease in pods per plant, seeds per pod accompanied by 
increased ovule vSterility (Table 1). In MH 85-75 and 
12/333, one upturn (R-86 and S-86 respectively) and three 
declines were noted. Upturn in MH 85-75 was due to 
significant increase in pods per plant and seeds per pod 
and in 12/333 due to more pods per plant (Table 3). Declines 
in proportion were generally due to significant reduction 


Table 2. Yield and disease reactions in greengram varieties, summer 1986-rainy 1987. 


Variety 


Grain yield 
(t/ha) 


Per cent plants affected 
Yellow mosaic virus 

Leaf crinkle 


S-86 

R-86 

S-87 

R-87 

Average 

S-86 

R-86 

S-87 

R-87 

S-86 

R-86 

S-87 

R-87 

MH 309 

1.65 

1.57 

1.71 

1.52 

1.61 

4.82 

3.05 

0.02 

8.43 

7.18 

2.91 

2.00 

2.19 

K851 

1.63 

1.25 

1.64 

1.18 

1.42 

3.20 

6,00 

2.00 

55.00 

3.20 

2.13 

3.00 

7.50 

MH85-143 

0.77 

0.75 

0.87 

0.47 

0.71 

5.00 

8.50 

1.43 

21.00 

8.21 

2.81 

— 

4.81 

MH84-1 

1.62 

1.57 

1.68 

1.48 

1.59 

1.73 

2.90 

0.50 

9.93 

6.20 

0.91 

2.00 

3.90 

11/395 

1.35 

1.51 

1.48 

1.15 

1.37 

2.81 

0.86 

1.00 

18.00 

5.30 

2.64 

1.75 

4.40 

12/333 

1.34 

1.21 

1.44 

1.05 

1.26 

3.75 

7.25 

2.12 

14.31 

2.63 

2.66 

— 

4.20 

MH85-75 

0.81 

0.81 

0.83 

0.63 

0.77 

2.00 

2.40 

2.37 

38.00 

3.51 

1.24 

2.00 

1.20 

T-44 

1.39 

1.41 

1.51 

1.00 

1.33 

1.42 

1.51 

1.00 

23.00 

3.35 

2.27 

1.20 

2.35 

C.D. (5%) 

0.19 

0.17 

0.21 

0.20 

— 

— 

— 

— 

— 

— 

— 

— 

— 


—Data not recorded. 
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Table 3. Comparison of differences in performance of varietal mixture over seasons for pod 

characters in greengram. 


Variety 



r-values between seasons** 



and 

characters 

1 and 2 

land 3 

1 and 4 

2 and 3 

2 and 4 

3 and 4 

MH 309 

Seeds per pod 

0.87 

0.92 

1.97 

0.42 

1.82 

1.81 

Pods per plant 

2.12 

3.79* 

6.79* 

2.75* 

4.89* 

2.41* 

Ovule sterility 

0.001 

0.081 

0.090 

0.001 

0.007 

0.003 

K851 

Seeds per pod 

0.98 

0.89 

2.22 

0.00 

0.21 

0.12 

Pods per plant 

5.71* 

9.93* 

13.97* 

3.02* 

3.89* 

1.67 

Ovule sterility 

0.091 

0.070 

0,107 

0.171 

0.268 

0.112 

MH85--143 

Seeds per pod 

1.63 

1.71 

5.27* 

0.02 

2.63* 

2.01 

Pods per plant 

0.73 

1.01 

4.81* 

0.93 

2.22 

1.81 

Ovule sterility 

0.071 

0.098 

2.321* 

0.097 

2.270* 

1.992 

MH 84-1 

Seeds per pod 

0.24 

0.97 

3.98* 

0.31 

2.85* 

1.71 

Pods per plant 

2.72* 

3.89* 

5.16* 

1.57 

2.72* 

0.92 

Ovule sterility 

0.172 

0.087 

1.27 

0.872 

0.921 

1.07 

11/395 

Seeds per pod 

0.39 

0.00 

0.47 

0.39 

0.81 

0.51 

Pods per plant 

2.60* 

5.89* 

6.23* 

2.71* 

3.30* 

0.92 

Ovule sterility 

0.872 

0.881 

0.732 

0.001 

1.08 

1.21 

12/333 

Seeds per pod 

0.81 

4.59* 

8.71* 

2.02 

3.81* 

1.21 

Pods per plant 

8.21* 

12.71* 

27.29* 

6.79* 

10.21* 

2.10 

Ovule sterility 

0.932 

2.281* 

2.920* 

1.071 

2.263* 

1.09 

MH 85-75 

Seeds per pod 

0.09 

2.71* 

5.89* 

2.67* 

5.02* 

2.88* 

Pods per plant 

2,89* 

2.01 

1.89 

2.27* 

2.70* 

1.96 

Ovule sterility 

0.822 

2.770 

3.320* 

2.171 

2.321* 

2.001 

T-44 

Seeds per pod 

0.81 

0.93 

2.70* 

0.35 

2.35* 

2.01 

Pods per plant 

3.01* 

5.31* 

6.78* 

2.81* 

4.21* 

2.17 

Ovule sterility 

0.071 

0.102 

0,981 

0.341 

0.999 

0.721 


♦*1, Original population; 2, Summer 1986; 3, Rainy 1986; 4, Summer 1987. 
* Significant at P = 0.05. 


of seeds per pod, pods per plant accompanied by increased 
ovule sterility. 

Thus, a mixture of eight greengram varieties grown for 
four seasons brought practical extinction for three of the 
component varieties, viz. T-44, 12/333 and MH 85-75. 
T-44 is a released variety for commercial cultivation and 
has better leaf diseases record except for R-87 when yellow 
mosaic virus attack was extremely severe. K 851 is also a 
released variety and MH 309, MH 84-1 and 11/395 are in 
the pipeline. MH 84-1 stood second as far as the average 
yield over seasons is concerned (Table 2) but its proportion 
was significantly reduced in the population. Suneson and 
Wiebe^, on the basis of their study on barley, suggested 
that the bulked population method of breeding would not 
necessarily perpetuate either the highest yielding or the 
most disease-resistant progenies, but that the otherwise 
intangible character of competitive ability might measure 


other very important plant characteristics, seems to be a 
possible interpretation of the present study in greengram. 


1. Harlan, H. V. and Martini, M. L., J. Agric. Res., 1938,57,189. 

2. Laude, H. H. and Swanson, A. F., Am. Soc. Agron., 1942,34,270. 

3. Suneson, C. A. and Wiebe, G. A., J. Am. Soc. Agron., 1942,34,1052. 
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Significance of digitate appendage of 
Hexamermis sp. 

K. Subbiah 

Department of Zoology, 

Government Arts College, Ootacamund 643 002, India 

The juveniles of Hexamermis sp. are parasitic on tea- 
flushworms. They have caudal appendages. The 
functional signiflcance of the appendages is discussed. 

The occurrence of juveniles of Hexamermis sp. (Nematoda: 
Mermithidae), on tea-flushworm Cydia leucostoma was 
reported by Subbiah^ During an investigation, it was 
observed that the juveniles were found to emerge from the 



Figure 1. a, Hexamermis juvenile emerging from thoracic region of flush- 
worm (X 12). ft. Posterior end of Hexamermis showing digitate 
appendage (x 240). c. Digitate appendage enlarged; note the slightly 
serrated profile of the appendage (X 600). 


thoracic region of the host with the posterior end protruding 
out first (Figure la). This region has a digitate appendage 
at the tip (Figure lb). It is also called caudal appendage or 
tail appendage. This organ measures about 55 pm in length 
and 18.5 um width at the base both in the smaller and 
bigger juveniles. It is broad at the base and pointed at the 
tip (Figure Ic). According to Wouts^ this characterstic 
organ is formed during the parasitic stage of Hexamermis 
juveniles. He also reported that it is the result of extensive 
enlargement of the body in which the tail-tip does not 
take part. The post-parasitic juveniles also continue to 
possess this appendage. The significance of this appendage 
has not so far been reported. 

The juveniles in this instance lack odontostyle, which is 
the piercing organ either to enter the host-body or to emerge 
from the haemocoel. The jabbing of the stylet and the 
flow of the digestive enzyme for juvenile emergence have 
been reported earlierl The caudal appendage has also been 
observed to secrete a milky-fluid. That may probably contain 
enzymes for the dissolution of cuticle while emerging from 
the body-cavity. In the light of the above observation it is 
suggested that the caudal appendage might be helpful in 
piercing through the hosts body-wall for the swift emergence 
in the absence of odontostyle. 


1. Subbiah, Curr. Sci., 1986,55, 1047. 

2. Wouts, W. M., in Plant and Insect nematodes (ed. Nickle, W. R.), 
Marcel Dekker, New York and Basel, 1984, p. 925. 

3. Welch, H. E., in Insect Patholofiy (ed. Steinhaus, E. A.), Academic 
Press, New York, 1963, Vol II pp. 363-393. 

10 May 1989 


Effects of methyl isocyanate on renal 
function 

S. Sundaramoorthy, K. Prabhakaran and 
A. Namasivayam 

Department of Physiology, 

Dr A. L. Mudaliar PG Institute of Basic Medical Sciences, 

University of Madras, Madras 6(X) 113, India 

Freshly prepared methyl isocyanate when administered 
intraperitoneally (0.02 ml) diluted with equal volume 
of clinical dextran to albino rats induces nephrotoxic 
effects as manifested by decreased glomerular filtration 
rate, renal plasma and blood flow, filtration fraction 
and tubular maximum for pam-aminohippuric acid at 
30 min. The renal functions recovered at 24 h indicating 
acute nephrotoxic stress induced by sublethal doses of 
methyl isocyanate. 

The pathophysiological effects of methyl isocyanate (MIC) 
have gained importance in recent times after the Bhopal 
disaster. Early findings have shown that MIC is a potent 
irritant of the respiratory tract‘"^. Subsequent investigations 
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Table 1. Glomerular filtration rate (ml/min) after MIC administration to Albino rats. 


Controls (/7=12) 0.5 h (n=10) 

1 h (;2=7) 

4 h (/2=7) 

8 h (/2=7) 

24 h (/2=5) 

48 h(«=5) 

72 h (22=5) 

0:181 0.029 

0.03 

0.048 

0.25 

0.125 

0.137 

0.197 

±0.07 ±0.016 

±0.011 

±0.025 

±0.03 

±0.025 

±0.03 

±0.13 

Values are expressed as mean ± SD. 







Table 2. Renal function tests after MIC administration to Albino rats. 



Parameters 

Controls (n= 12) 

0.5h(n==10) 

24h (n = 7) 

48h(n = 7) 

72h(n = 5) 


Renal plasma 

0.464 ±0.27 

0.085 ±0.04 

0.414±0.19 

0.36 ±0.04 

0.358 ±0.2 


flow (ml/min) 

Renal blood 

0.85 ±0.56 

0.171 ±0.08 

0.780 ±0.40 

0.698 ±0.38 

0.46 ±0.38 


flow (ml/min) 
Filtration fraction 

0.391 ±0.17 

0.351 ±0.25 

0.341 ±0.10 

0.378 ±0.10 

0.552±0.19 


TmPAH (mg/min) 

23.52 ±19.3 

9.576 ±4.8 

18.06 ±0.5 

22.0 ±3.7 

29.27 ±4.3 


Values are expressed as mean ± SD. 


have shown that a single exposure of MIC can induce 
toxic changes in the bone marrow'^. Experiments with another 
isocyanate, -toluene diisocyanate, showed that, this chemical 
after a single exposure by inhalation, combined with plasma 
proteins irreversibly\ Recently Bhattacharya et al.^ have 
shown the binding of ‘"^C-labelled MIC to various tissue 
proteins in rats and the binding was detectable even after 
10 days following a single administration of labelled MIC. 
Isocyanates react with sulphhydryl groups of protein 
molecules'^. It is presumed that MIC after gaining entry 
into the body through the blood might influence a number 
of physiological systems either directly or indirectly. 
A perusal of the available literature shows that virtually 
nothing is known about the effects of MIC on renal function. 
This report gives an account of exploratory investigations 
on the renotoxic effect in rats after a single exposure to 
MIC. 

MIC synthesized in this laboratory by treating sodium 
azide with acetic anhydride was used. Wistar strain albino 
rats of either sex weighing 150-160 g were used. Untreated 
animals were served as controls (n=12). Freshly prepared 
MIC 0.02 ml (which is one half the LD^^) diluted with an 
equal volume of clinical dextran was injected intrapeiiton- 
eally to the test animals. This dose was used in this study 
as it was well tolerated by the animals. In MIC-treated 
animals glomerular filtration was estimated by inulin 
clearance® at 0.5 (/2=10), 1 (n=l), 2 (/z=7), 4 («=7), 6 
(n=l\ 8 (a2=7), 24 (/2=5), 48 (/2=5), and 72 (n=5) hours 
(Table 1). Renal plasma flow was estimated in MIC-treated 
animals at 0.5 (^i=7), 24 (n=7), 48 (n=7) and 72 (n=5) 
hours using pam-aminohippuric acid clearance test^. Renal 
blood flow, filtration fraction and tubular maximum for 
PAH were calculated from these values (Table 2). 

The present results indicate that all the parameters studied 
were adversely affected in a statistically significant manner 
at 30 min. The renal functions recovered at 24 h indicating 
an acute nephrotoxic stress induced by sublethal dose of 
MIC. In addition there was mild to moderate proteinuria 


in the early samples of urine, the pattern of which changed 
at 48 h. In this connection it is pertinent to point out the 
work of Jeevarathinam et who have shown that kidney 
parenchyma in 0.5 MIC-treated animals was essentially 
normal except for a mild to moderate degree of congestion 
and focal lymphocytic infiltration. In 1 LD^^-treated animals 
in addition to these changes, the proximal convoluted tubules 
showed cloudy swelling and some degree of coagulative 
necrosis. These authors suggest that acute toxicity of MIC 
in vivo may be mediated by its effect on vascular beds. 

The nephrotoxic effects of MIC are under further 
investigation in order to elucidate the mechanism of action 
of the toxin. 


1. Ferguson, J. S., Schaper, M., Stock, M, F., Weyel, D. A. and Alarie, 
Y., Toxicol. Appl. Pharmacol., 1986, 94, 329. 

2. Alarie, Y., Ferguson, J. S,, Stock, M. F., Weyel, D. A. and Schaper, M. 
Environ. Health. Perspect., 1987, 72, 159. 

3. Nemer, B., Dinsdale, D., Sparrow, S. and Ray, D. E., Br. J. Ind. Med., 

1985, 42, 799. 

4. Conner, M. K., Rubinson, H. F., Ferguson, J. S., Stock, M. F, and 
Alarie, Y., Environ. Health-Prespect., 1987, 72, 177. 

5. Hill, B. L. (as quoted by Ferguson et ai). Toxicol. Appl. Pharmacol., 

1986, 94, 104. 

6. Bhattacharya, B. K., Sharma, S, K. and Jaiswal, D. K., Biochem. 
Pharmacol., 1988, 37, 2489. 

7. Brown, W. E., Green, A. H., Cedal, T. E. and Cairns, J., Environ. 
Health. Perspect., 1987, 72, 5. 

8. Bratton, A. C. and Marshall, F. K.,7. Biol. Chem., 1939,128, 537. 

9. Bacon, J. S. D. and Bell, D. J., Biochem. J., 1948, 42, 397. 

10. Jeevarathinam, K. Selvamurthy, W., Ray, U. S., Mukhopadhyay, S. 
and Thakur, L., Toxicology, 1988, 51, 223. 
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High-performance liquid chromatographic 
estimation of carbamylated amino acids 

V. K. Sharma, G. J. Rao, R. K. Jadhav, 

Heeresh Chandra and S. Sriramachari* 

Medicolegal Institute, Gandhi Medical College Building, 

Bhopal 462 001, India 

^Institute of Pathology, Safdarjang Hospital, New Delhi 110 029, 
India 

A method for the estimation of carbamylated amino acids 
in terms of their respective hydantoins has been 
developed on high-performance liquid chromatography 
using an ultraviolet spectrophotometric detector. The 
detection limit of the method was noted to be 10 ng for 
methylvalinehydantoin (MVH). The amino acids like 
glycine, threonine and methionine were treated with 
methyl isocynanate to prepare standard hydantoins while 
valine was treated with methyl isocyanate as well as 
KCNO to make methylated and non-methylated hydan¬ 
toins respectively. 

Cyanates react with primary amino groups to form 
either N-substituted amides of carbamic acid or ureas, if 
vicinal carboxylic acid group is present (as occurs in l- 
amino acid hydrolysates of polypeptides that have been 
treated with a cyanate) then a ‘hydantoin’ may be 
formed. Cyanates may be inorganic or organic and may 
be in the form of isocyanate also^ 

The commonly used method for determination of 
hydantoins in biological materials involves the formation 
of hydantoins from carbamylated amino acid and 
subsequent identification by gas chromatography. This 
method has been used to analyse the blood samples 
from patients with sickle-cell disease, who have been 
administered cyanates either orally or intravenously, to 
monitor the haemoglobin carbamylation level. 

We have not come across any method, in the 
available literature, for the identification of methylated 
hydantoins of amino acids by high-performance liquid 
chromatography. This paper reports the sensitive 
HPLC method for the identification of the same. 

Standard methylated and non-methylated hydantoins 
of various amino acids like valine, phenyl alanine, 
threonine, methionine and glycine were prepared 
following the method described by Manning et al} The 
formation of these hydantoins was confirmed by IR and 
mass spectra. In vitro studies were also made by adding 
carbamylating agents like KCNO and methyl isocyanate 
to the blood and other body tissues. 

The hydantoins were chromatographed on Zorbax 
ODS Column (4.6 x 25 cm). HPLC equipment (Shimadzu, 
Jajpan, model LC-6A) consisted of two pumps, a system 
controller SCL-6A UV-Vis spectrophotometric detector 
SPD-6-AV and a CR-3A computing integrator. The 
chromatographic analysis was performed at ambient 
temperature and at a flow rate of 1 ml/min. The mobile 


phase consisted of water methanol (80:20). The injected 
sample volume was 20 jul of aqueous solution of hydan¬ 
toins. The detector wavelength was set at 210 nm, since 
their spectroscopic study revealed that these hydantoins 
show absorption maxima in ultraviolet region suitably 
at 210 nm wavelength. Total procedure time was 
30 min. 

A good separation was obtained in the hydantoins of 
various amino acids (Figure I). The order of the elution 
of the peaks of methylated hydantoins was glycine, 
phenylalanine, threonine, valine and methionine. In 
non-metftylated hydantoins only valine was studied 
which elutes after glycine. 

To achieve this separation mobile phase composition 
was repeatedly changed and best separation was 
noticed when water-methanol were used in the ratio of 
80:20. 

The detection limit of the method is in nanograms. 
It was noted to be 10 ng for methylvalinehydantoin. 
Detector response was observed to be linear for MVH 
concentration (Figure 2). Values of area counts recorded 
were the mean of four time analysis of each concentra¬ 
tion. Ethyl acetate extracts of blood and tissue samples 





m3 

■ 9-35 
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5.992 


15-017 
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—— ^ 5-258 Glycine 
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Figure 1. Methylated hydantoins of amino acids. 
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Figure 1 Linear curve plotted as area counts vs MVH concentration. 
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TaWe 1. Recovery of methylvalinehydantoin from various body 
tissues. 


Tissue 

Amount 
added in 
Mg/g of 
tissue 

Present HPLC method 

Manning et al. GC 
method 

Amount 

recovered 

(Mg*) 

Recovery 

(%) 

Amount 

recovered 

(Mg*) 

Recovery 

(%) 

Blood 

5 

4.50 

90 

4.55 

91 


10 

8.90 

89 

9.00 

90 


20 

18.50 

92.5 

18.40 

92 

Lung 

5 

4.30 

86 

4.35 

87 


10 

8.50 

85 

8.50 

85 


20 

17.90 

89.5 

18.00 

90 

Brain 

5 

4.25 

85 

4,20 

84 


10 

8.55 

85.5 

8.60 

86 


20 

18.10 

90.5 

18.20 

91 


*Mean values of the replicate of three sets. 


were also studied after stripping the solvent under 
reduced pressure and dissolving the dried extracts in 
4% acetonitryl water. Recovery studies were carried out 
by adding known amount of methylvalinehydantoin 
in varying concentrations to the blood, lung and brain 
tissue in three sets. It was found to be 85-92%, which 
agrees with the results of Manning et al? (Table 1). 
Reproducibility of the results was always found to be 
more than 90%. 


The carbamylation of NH 2 -terminal amino acids of 
proteins alters their functional properties as oxygen 
affinity in the case of haemoglobin^. For sequencing of 
proteins cyanates are the favourable reagents. Therefore, 
biological application of this method is quite significant 
especially for the determination of carbamylation level 
in body tissues and fluids, in the cases of sickle-cell 
anaemia and the cases exposed to some cyanates and 
isocyanates like the victims of the Bhopal Gas Disaster 
who are supposed to have been exposed to methyl 
isocyanate and other gases. 


1. Cohen, S. and Oppenheimer, E., in The Chemistry of Cyanates and 
their thio derivatives (ed. Saul Patai), John Wiley and Sons, New 
York, (part II, 1977). 

2. Manning, J. M., Lee, K. C., Ceremi, A. and Gillette, P. N., J. Lab. 
Clin. Med., 1973, 81, 941. 

3. Jensen, M., Nathan, D. G. and Bunn, H. F., J. Biol. Chem., 1973, 
218, 8057. 
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A superabundance 
of riches 


Selected Papers of S. Chandrasekhar. 
Volume 1: Stellar structure and Stellar 
Atmospheres. 516 pp; Volume 2: 
Radiative Transfer and Negative Ion of 
Hydrogen. 622 pp. University of Chicago 
Press. 1989. 


iReviewed by Sir William McCrea, RRS, and 
Published in Notes and Records of the Royal 
Society of London, Vol. 44, no. 1, January 
1990. Reprinted here with permission.] 

Professor Subrahmanyan Chandrasekhar 
was awarded the Copley Medal of the Royal 
Society in 1984. In 1983 he was awarded 
the Nobel Prize for Physics, being thus 
the first purely theoretical astronomer or 
astrophysicist recognized in this way. 

Chandrasekhar has worked in every main 
branch of theoretical astrophysics and 
astrodynamics. His practice has been to 
concentrate on one branch for some years 
and to publish a sequence of research papers 
in the normal way. Then he has presented 
his ‘mature outlook* on this branch in a 
substantial comprehensive monograph. He 
has then repeated the procedure in another 
branch; this he has chosen evidently on 
grounds of topical interest and importance, 
and of the scope it has offered for the 
exercise of his remarkable mathematical 
skills. Having done all this several times 
over, between 1939 and 1983 he produced 
in this fashion six such monographs. 

‘The present volume, including papers 
published during the years 1929-1945, is 
the first of a series of five or six volumes, 
all hopefully to be published by 1990.’ So 
writes Chandrasekhar in the Preface to the 
first volume. Volumes 1 and 2 are well- 
produced books of over 500 and over 600 
pages. They comprise photographic 
facsimiles of 44 and 35 papers, respectively, 
as they were originally published, mainly 
in the years 1929-44 and 1944-50. The 
publishers mention specifically six volumes 
and state, ‘A complete list of publications 


by S. Chandrasekhar will appear at the 
end of the final volume.’ 

Starting from a first proposal many years 
ago that he should consider publishing ‘a 
collection of his scientific papers’, 
Chandrasekhar outlines the history of the 
project up to the launch of the actual 
undertaking signalled by the appearance 
of Volume 1. He naturally indicates the 
problem presented by the fact of so much 
of his work being already collected in the 
monographs. The solution adopted by him 
and his publishers is to bring out ‘selected 
papers’. In making the selection for each 
volume, he is to have the advice of another 
eminent astrophysicist or relativist familiar 
with its field. 

Chandrasekhar’s consultant for Volume 
1 has been Professor Martin Schwarzschild; 
he states on page xii the two criteria they 
adopted in selecting papers for this volume. 
In the nature of the exercise these have to 
be somewhat imprecise; also it is not clear 
whether they have been treated as necessary 
or sufficient criteria for inclusion. Until 
the promised complete list is available we 
shall not know which papers have been 
left out of the series. We must count upon 
the list showing where each included paper 
occurs in the series. All one can say here 
is that present indications lead one to expect 
the series, in number of volumes and of 
total pages, to be about the same as the 
monographs. So the scientific content seems 
likely to be about the same too, i.e. the 
selection effect looks like being small. 

The working historian of science will 
surely welcome the appearance of ‘papers’. 
However, one cannot but wonder whether 
the cause of ±e working scientist might 
have been better served by simply re-issuing 
the monographs in paperback, with a brief 
new foreword for each by Chandrasekhar 
himself, simply because of the super¬ 
abundance of riches in the papers. This 
seems now to be idle speculation; and 
manifestly any fully critical review of the 
present project has to await its completion. 

One speaks of ‘completion’ of this 
project, but one has to remark that Professor 
Chandrasekhar is all the time exceedingly 
busy creating the necessity for the next 


such project. 

Two brief comments may be offered on 
the contents of Volume 1. One is to notice 
that much of the work in its Part One 
resulted from Chandrasekhar and a few 
contemporary scientists seeking to take due 
account of the consequences in the 
astrophysical problems concerned of the 
theory of special relativity. At the time 
they took no account of the consequences 
of the theory of general relativity. About 
half-a-century later these have been at the 
root of Chandrasekhar’s recent researches. 
But they do have significance for some of 
the early work as well. In retrospect it 
seems strange that this was not recognized 
at the time. 

The other comment arises from the fact 
that this year there is being commemorated 
the centenary of the birth of the great 
mathematical physicist R. H. Fowler (1889- 
1944). Chandrasekhar wrote Paper 1 in 
the volume in 1929 in India, when he was 
aged 19. It was Fowler who communicated 
it for publication in the Proceedings of 
the Royal Society. Paper 19 in the volume 
is the only non-research paper; it is 
Chandrasekhar s obituary of Fowler in the 
Astrophysical Journal in 1945. Had there 
been no Fowler to act as he did in 1929, 
there might have been no Selected Papers 
for notice in 1989. 

For Volume 2 the consultant has been 
Professor T. W. Mullikin, who supplies a 
brief informative Foreword on the history 
of modem work on radiative transfer. Paper 
25 in that volume, pp. 511-541, ‘Radiative 
transfer: a personal account’, given in 1981 
in Armenia, is Chandrasekhar’s retrospective 
view of mainly his own work and its 
relationship to work done by V. A. 
Ambartsumian in that country. It typifies 
most contents of the book in that its 30 
pages include 132 numbered equations, 
most occupying a few lines, and one an 
entire page. Chandrasekhar describes the 
time, almost 40 years earlier, when he was 
doing this work as ‘the happiest years of 
my scientific life’. The outpouring of 
research collected in these volumes makes 
an ordinary mortal despair of ever becoming 
a professional scientist in this class. 
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Glimpses of ancient Indian medicine—Part II* 

M. S. Valiathan 


Medical knowledge in Ayurveda 

The Atharva Veda did not mention nidanas 
or the causation of diseases even when it 
referred to wind, water, fire, worms, sorceiy 
and demons as capable of causing harm. 
Charaka offered a detailed classification 
on the basis of physical, accidental and 
mental causes. Sushruta’s approach to 
aetiology was even more systematic and 
his broad categories of causes were the 
traumatic, the physical, the mental and the 
degenerative, with several subcategories 
that encompassed the entire spectrum of 
ailments'. Charaka postulated three essential 
components for a disease, namely nidanas 
or predisposing caUsSes which disturb the 
doshas, doshas or the vitiators, and dhatus 
or the vitiated. When vata, pitta and kapha 
are acted upon by nidanas, many 
permutations and combinations of excess 
and deficiency of doshas could occur and 
each disturbed condition could produce 
symptoms and disorder. While Sushruta 
detailed five stages through which 
disharmony of doshas manifests as disorder, 
Charaka adhered to his general view that 
disease results only when nidanas, doshas 
and dhatus come into particular 
combinations. Sushruta did not explain why 
excited doshas took abode in a dhatu, but 
Charaka believed that the localization was 
not accidental and that the ‘proneness’ of 
the dhatu did play a role in the process. 
Charaka also propounded the view that 
srotas or ducts are ubiquitous in the body 
for the flow of vital substances and forces 
and, in so far as they remain in the normal 
state, the body cannot be affected by disease. 
This view influenced his approach to 
pathogenesis. His explanation for insanity 
is illustrative: ‘The wind being disturbed 
and the understanding deranged, the doshas 
are aggravated; then reaching the heart and 
obstructing the ducts through which the 
mind operates, they beget insanity.’^ 
Ayurveda prized clinical diagnosis. 
Charaka declared, ‘The physician of 
knowledge who fails to enter the inner 
body of the patient with the lamp of 


*The first part of the article appeared in the 
previous issue. 


knowledge and understanding can never 
treat diseases’^. In ‘clerking’ the patient, 
careful history was elicited regarding his 
home and background, ability to work, and 
the onset of symptoms before proceeding 
to a complete physical examination for 
which elaborate measurements were 
provided for different parts of the body. 
Counting the pulse did not form part of 
the examination, even though inspection, 
palpation and direct auscultation were 
regularly employed. Even taste and smell 
were pressed into use for diagnostic 
purposes. In addition to these steps, a 
physician was obliged to examine the patient 
by the ‘test of his essence’ (sara) which 
referred, in fact, to the body, mind, semen, 
marrow, bones, fat, muscle, blood and skin. 
Distinguishable attributes for each of the 
saras were given in detail. The findings 
of the examination were analysed by the 
physician in the light of wise teaching and 
by the process of inference to identify the 
nature and stage of dhatu vaishamya. 
Diseases as we know them were not 
recognized and diagnosis referred to a 
symptom complex which took another 
identity upon the slightest change in its 
appearance or evolution. The complication 
of a disease often became another disease 
in Indian texts, which stated that ‘one 
disease may be the cause of many or one, 
or many may be the cause of one, or many 
may be the cause of many’^*. The distinction 
between cause and effect among 
different diseases was often blurred in the 
ancient tradition. 

The art of prognosis received great 
attention because the minds of men were 
beset with the extreme instability of life 
and the ever-present spectre of epidemics. 
Ancient Indian physicians recognized that 
the patient was not so much concerned 
with what was wrong with him as with 
the question of what would happen to him. 
Physiognomy, symptoms, omens and 
dreams of patients were synthesized to form 
an elaborate system of reference for 
prognostication, which revealed as much 
clinical perception as elements of poetic 
imagination and superstition. 

The aim of treatment in Ayurveda was 
to restore the balance of dhatus or dhatu 


samya through diet, medications and change 
in life-style. As the cure of diseases was 
admittedly difficult, great emphasis was 
laid on the protection of health. Charaka 
advised that ‘one endowed with intelligence 
and desirous of maintaining health should 
bestow great care upon everything 
connected with food, deportment and 
practices’^. A daily regimen consisting of 
the care of mouth, evacuation, bath, care 
of hair, beard, nails (to be pared every 
five days) and other fine details was 
prescribed; two balanced meals a day with 
vegetarian as well as non-vegetarian items 
were recommended; exercise, gymnastics, 
frequency of sexual intercourse, clean 
clothes, wearing of head-dress and shoes 
and other healthful habits were advised. 
The regimen would undergo modification 
with the change of seasons and the 
constitution of individuals. 

Mind and body were inseparable 
provinces in Ayurveda. While medicines 
repaired the body, right knowledge, self- 
control and self-concentration alone were 
the correctives for the mind. Control of 
impulses, avoidance of harsh speech, 
nonviolence, shunning bad company, and 
above all, a life according to dharma, were 
strongly enjoined for healthy and happy 
living. 

Charaka and Sushmta gave detailed 
classifications of curable and incurable 
conditions as guides to the physician in 
accepting or not accepting patients for 
treatment. Four elements in the success of 
treatment were the physician, the patient, 
medicines and the patient’s attendant; each 
was characterized. Treatment was to start 
as soon as the diagnosis was made because 
diseases dug deeper with time and lack of 
treatment. The physician was obliged to 
treat curable diseases with medicines and 
regimen that possessed virtue opposed to 
the cause of the disease. Charaka explained: 
‘We’treat patients suffering from particular 
diseases with medicines possessed of virtues 
opposed to their symptoms. A lean and 
weak man is strengthened; a corpulent and 
fatty person we reduce to proper size; one 
whose system is warm, we treat with drugs 
that are cooling. ... In fact, by treating 
diseases with medicines endowed with 
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virtues opposed to their originating causes, 
we succeed in fully restoring the patients 
to their normal condition.’^ 

Apart from six physical procedures, 
including emesis, medicated enemas, blood¬ 
letting and diaphoresis, treatment laid great 
stress on materia medica, which consisted 
of vegetable, animal and mineral products. 
These products were described in detail 
and their mode of action on the body 
analysed with considerable subtlety. Opium 
and mercury however did not figure in 
the formulary until many centuries later. 
Sushruta divided medicines into two classes 
— those which rectified the deranged state 
of doshas without excreting them, and a 
second category which caused the 
elimination of accumulated doshas by 
purgation and emesis. He described 400 
drugs under 37 groups according to the 
diseases for which they were to be used. 
Tonics (rasayana) and rejuvenators 
(yajikarana) also found a place in the 
materia medica, which gave detailed 
instructions on the preparation of 
medications in 23 forms, including powders, 
paste, decoctions, ointment and pills. 

Pharmacologic theory claimed that 
medical substances (dravya) possessed 
quality (guna) and action (karma)^ which 
were inseparable for practical purposes. 
Gunas were sensible qualities, such as cold/ 
hot, fluid/viscous, heavy/light, rough/smooth 
and so on, whereas karma was determined 
by the potency (virya) of the substance 
and the time and place of action. As the 
aim of management was the restoration of 
the dhatus of the body to their normal 
state, diet and medications were employed 
to act on the doshas through their triune 
combination of substance, gunas and karma. 
The guiding maxim was that substances 
having similar constituents or qualities 
would decrease each other whereas those 
having dissimilar constituents or qualities 
would increase each other. As a guide to 
medical therapy, all materials used in 
treatment were classified and presented 
according to their qualities and their 
interaction with the doshas. For example, 
sweet, acid or saline tastes decreased vqyii, 
but sweet, bitter and astringent qualities 
decreased pitta. The ancient materia medica 
represented a massive effort that spared 
no aspect of pharmacology. 

Ayurveda accorded a high place to 
surgery, which was not obliged to graduate 
from a lowly craft in the Indian tradition. 
Sushruta’s name is synonymous with the 
high-water mark in India’s surgical 
history. Surgeons learnt much regional 


anatomy as marmas from surgical 
dissections. The 107 marmas which were 
said to mark the meeting point of five 
structures—ligaments, blood vessels, 
muscles, bones and joints—in various 
parts of the body were danger spots where 
the surgeon’s incision could cause major 
harm. This is readily borne out by the 
specific dangers that are stated to be 
associated with damage to various marmas. 
Sushruta gave elaborate instructions 
regarding the preoperative preparation of 
patients, the surgical procedure from 
incision to closure and postoperative care. 
The procedures included the reduction of 
fractures, removal of foreign bodies, cataract 
removal, paracentesis, excision of tumours 
and fistula-in-ano, cystolithotomy, otoplasty, 
rhinoplasty, cauterization and many others. 
He also described 101 blunt instruments 
and 20 sharp instmments and the methods 
for their use. Contraindications for 
operations were given, such as, for example, 
ophthalmoplegia, glaucoma, comeal ulcers, 
etc. in the field of ophthalmology. The 
advanced state of surgery in Sushruta’s 
India is independently attested by Buddhistic 
texts such as Mahavagga, which refer in 
detail to the legendary skill of Jivaka who 
did craniotomy and other procedures, 
including an operation for anal fistula on 
King Bimbisara. 



Positions described by Sushruta for venese¬ 
ction and cystolithotomy. 



Training and ethics 

In ancient India, a physician received his 
training through apprenticeship to a guru 
or by enrolling himself in a centre of 
learning. The outstanding centres of medical 
learning were at Taxila and Kasi, which 
attracted students from many countries. 
The academic excellence and residential 
nature of Taxila, in particular, had won 
the praise of Pliny and Strabo. 

According to Charaka, a medical teacher 
had to be sound in the knowledge of texts, 
and thoroughly familiar with the nature of 
health and disease, of drugs, of seasons, 
of places and of men; he should have had 
long experience in medical practice and a 
skilful hand; his knowledge was not to be 
confined to medicine and he had to have 
a broad understanding of other branches 
of knowledge; he had to be lucid in 
communication; he had to be free of malice 
towards anyone and had to have goodwill 
for ail; he had to show compassion towards 
anyone who sought his help. The 
qualifications for the teacher were matched 
by those for the candidate, who was required 
to possess patience, politeness, purity of 
mind and body, truthfulness, nonviolence, 
celibacy and the determination to acquire 
knowledge. The prescribed age for 
admission was sixteen years and the trainee 
was expected to have proficiency in Sanskrit 
literature, Upanishads, Smritis, history, 
geography, philosophy, astronomy, 
astrology, arithmetic, geometry and algebra. 
The universities selected their students after 
an interview by a committee of dwara 
pandithas. The commencement of training 
was a solemn ceremony which bound the 
teacher and the taught in a sacred contract. 

The student’s life was hard. Waking up 
before dawn, he cleaned himself and offered 
prayers before being asked to repeat the 
lesson of the previous day, and taught a 
quarter, half or full stanza from the text, 
which had to be conunitted to memory. 
Hie teacher made sure that the student 
understood the meaning of the text; learning 
by rote without understanding the meaning 
was no different from ‘an ass carrying a 
load of sandal wood’"^. The training included 
practice, which covered examination of 
patients, preparation of medicines, and 
surgical operations. Surgical procedures 
were taught on dummies, incisions on water¬ 
melon or cucumber, tapping in water-filled 
pouches or leather bags, venesections in 
the veins of dead animals, extraction on 
the teeth of dead animals, suturing on pieces 
of cloth or leather, and bandaging on 
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wooden models. The equal importance of 
theory and practice was recognized by 
Sushruta, who believed that experts in only 
one branch ‘are like one-winged birds’^. 

The training lasted seven years, and a 
theoretical and practical examination 
followed. The "Salaka test’ in theory 
required the candidate to explain before 
an audience a page from a manuscript which 
had been marked by a rod. Practical tests 
were not confined to the classroom: Jivaka, 
for example, was asked by his guru to go 
around Taxila and bring back a plant that 
had no medicinal value. The degree was 
awarded at a ceremony known as 
samavartana, when the student had to take 
an elaborate oath’. The graduated physician 
had to seek the formal permission of the 
king before opening his practice. Quacks 
existed and ran great risks, as we find 
from the Arthasastra. Charaka denounced 
them and referred to 'cheats who wander 
about on the streets boasting in the garb 
of physicians. . , they should be shunned 
for they are the messengers of death on 
earth’ 

Essentially medical practice was enjoined 
as a service to fellow men. A medical 
teacher was likened to a mango tree that 
gave away all its fmits to others and retained 
none for itself. However, the physician 
was not barred from charging a fee from 
patients other than Brahmins, the poor, 
the sage and the helpless. The practice of 
medicine not only gave one religious merit 
but also wealth and pleasure. 

Conclusion 

Ayurveda is a child of the cultural past of 
India. From Vedic times, countless men 
laboured in the vineyard of medicine by 
distributing amulets, dispensing herbs, 
removing foreign bodies and speculating 
on the mysteries of health and disease. 
Ministration to the sick would give them 
alternate moments of delight, anguish and 


triumph and advance the corpus of medical 
knowledge by imperceptible degrees. From 
time to time one practitioner might stumble 
upon a scrap of information or improve 
an existing procedure to open a bit of the 
unknown until the minuscule achievements 
would cumulate in the mighty flowering 
of genius in a Sushruta or a Charaka. They 
were products of time in as much as they 
could not have appeared a thousand years 
earlier in the Vedic times. ‘When kings 
build castles, wagoners get busy in their 
hundreds’ for carting materials. Great 
scientific events are followed in like manner 
by the effort of hundreds of scientific 
labourers. This allegory describes the 
development of Indian medicine over a 
thousand years following Sushruta—from 
600 BC to 400 AD—when it advanced 
on many fronts. At the intellectual level, 
the rooting of Ayurveda on the philosophic 
bedrock of Nyaya-Vaiseshika, the evolution 
of the tridosha doctrine, the synthesis of 
past traditions, and the development of 
systematic classifications are illustrative 
of the Indian penchant for abstract thinking 
and the creation of order out of chaos. 
Nor are the corresponding achievements 
in anatomy, physiology and pharmacology 
less remarkable or less original than those 
of contemporaneous civilizations in the 
world. In terms of practical achievement, 
the survival, in spite of the neglect of a 
thousand years, of the elaborate system of 
diagnosis and treatment cannot but vindicate 
the quintessential validity of Ayurveda. 
Above all, the Indian heritage in medicine 
upheld its holistic nature and the pre¬ 
eminence of compassion at all times. For 
all these achievements, Indian medicine 
fell a victim to two maladies that were 
insidious in onset and crippling in their 
sequelae. In the first place, the Indian 
tendency of not defining the limits of 
tolerance cast its mantle on the growth of 
Ayurveda^ with the result that illogical and 
even fantastic ideas and procedures were 


entertained side by side with profound 
analysis and advanced techniques in the 
growing corpus of knowledge. Many 
examples from the great Samhitas bear 
testimony to this paradox, which ensured 
stagnation at best or decline at worst by 
the illogical diluting, or driving out, 
the logical. Secondly, a new kind of 
insularity crept into Indian medical thought 
from the early centuries of the present era 
and deprived it of the intellectual 
nourishment that comes from interaction 
with knowledge from other lands. This was 
a major retreat from the position of Charaka, 
who had declared that the entire world is a 
teacher for the wise. A tragic consequence 
of this insularity was the failure of Indian 
medicine to absorb the philosophy and 
methodology of experimentation which 
revolutionized Western medicine in the 
seventeenth and eighteenth centuries. 

The problems that assailed and 
handicapped Indian medicine are deep- 
rooted but not insoluble. There are signs 
of renewal in the country and medical 
wagoners are busy doing their laborious 
bit to build the new edifice that will 
incorporate the best from East and West 
and cany on the glorious trail blazed by 
Sushmta and Charaka long ago. 
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INTERNATIONAL LIQUID CRYSTAL SOCIETY 


An International Liquid Crystal Society has been formed recently In response to requests from a large number of liquid crystal scientists 
and technologists, mainly from Europe, the USA and Japan, to provide a forum for the exchange of information between individual 
scientistsand for greater interaction between basic research groups and industry. This was announced at the 13th International Liquid 
Crystal Conference held in Vancouver, Canada, from 23 to 27 July 1990. An International Board of Directors of the Society has 
been constituted as follows: 

President 

: S. Chandrasekhar 

Raman Research Institute, Bangalore 560 080, India 

Vice-President 

: M. Schadt 

F. Hoffmann-La Roche & Co. Ltd, Central Research, CH-4002 BASEL, Switzerland 

Treasurer 

: J. W. Doane 

Director, Liquid Crystal Institute, Kent State University, KENT, OH 44242, USA 

Secretary 

: D. A. Dunmur 

Dept of Chemistry, University of Sheffield, SHEFFIELD S3 7HF, UK [Fax: (742) 738673; E- 
Mail: D.DUNMUR (gUK.ACSHEFF1ELD. PRIMEAorCHl DAD UK.AC.SHEFFIELD. PRIMEA] 


Members 

G. Baur, Fraunhofer-lnstitut lAF, Eckerstrasse. 4, 7800 FREIBURG, FRG 

L M. Blinov, Institute of Crystallography, Academy of Sciences of the USSR, Leninsky Prospekt 59, MOSCOW B-333, USSR 
N. A. Clark, Department of Physics, Condensed Matter Laboratory, Campus Box 390, BOULDER, Colorado 80309-0390, USA 
W. H. de Jeu, FOM Institute for Atomic and Molecular Physics, Kruislaan 407,1098SJ AMSTERDAM, The Netherlands 
D. Demus, Sektion Chemie, Martin Luther University, WB PhysikalischeChemie, Muhipforte 1, DDR-402 HALLE (SAALE), GDR 

G. Durand, Laboratoire de Physique des Solides, Associe au CNRS, Centre d'Orsay, Batiment 510, 91405 ORSAY, France 
A. M. Figueiredo Neto, Institute de Fisica, Universidade de Sao Paulo C.P.: 20516, 01498 - SAO PAULO - SP, Brazil 

A. Fukuda, Tokyo Institute of Technology, Department of Textile and Polymeric Materials, O-Okayama, Megoru-ku, TOKYO 152, Japan 

j. A. janik. Institute of Nuclear Physics, ul Radzikowskiego 152, 31-342 KRAKOW, Poland 

S. T. Lagerwall, Department of Physics, Chalmers University of Technology, S-41296 COTEBORG, Sweden 

A.J. Leadbetter, Director, Daresbury Laboratory, DARESBURY, Warrington WA4 4AD, UK 

J. D. Litster, Director, Center for Materials Science & Engineering, Rm 13-2082, Massachusetts Institute of Technology, CAMBRIDGE, 
MA 02139, USA 

Lui Lam, School of Science, Department of Physics, San Jose State University, One Washington Square, SAN JOSE, CA 95192-0106, USA 

K. Okano, Department of Applied Physics, Faculty of Engineering, The University of Tokyo, Bunkyo-ku, TOKYO 113, Japan 
J. Prost, ESPCl, 10 Rue Vauquelin, PARIS Cedex 5, France 

F. Rustichelli, istituto di Fisica Medica, Facolta di fUedicina e Chirurgia, Universita di Ancona, Via Della Montagnola 30, 601000 
ANCONA, Italy 

H. Stegemeyer, Department of Physical Qhemistry, University of Paderborn, Postfach 1621, Warburgerstrasse 100, 4790 
PADERBORN, FRG 

Membership of the Society includes various categories, ranging from student members to sustaining members (the latter intended 
for corporations or other business organizations). Special concessions are being worked out for members from soft currency areas. 

Apart from sponsoring conferences, one of the main functions of the society will be to publish a magazine called Liquid Crystal Today, 
which will report on recent advances in the field, new materials and devices, forthcoming publications and meetings, and advertise 
job opportunities. It Is also proposed to bring out in due course a world directory of 'Liquid Crystallers'. Those interested in any 
aspect of this interdisciplinary field are warmly invited to join the Society. Application forms for membership may be obtained 
by writing to the President or Secretary, ILCS. 
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Asian Workshop on the International Geosphere- Biosphere Programme 


The International Geosphere-Biosphere Programme 
(IGBP) is a programme of the International Council 
of Scientific Unions (ICSU) conducted through its 
Special Committee for IGBP to study possible global 
changes that are receiving world-wide concern. The 
overall objective of IGBP is ‘to describe and understand 
the interactive physical, chemical and biological 
processes that regulate the total earth system, the unique 
environment that it provides for life, the changes that 
are occurring in this system, and the manner in which 
they are influenced by human actions’. To achieve 
this, IGBP proposes to study the key interactions, 
particularly between the biosphere, the atmosphere and 
the ocean, and the associated geobiochemical processes, 
to be able to quantify these interactions and ultimately 
arrive at a model to predict long-term global changes 
reliably. It has been recognized that participation of 
Third World countries (TWCs), which occupy about 
three-fourths of the earth’s land mass, in this programme 
is highly essential. Besides, the national economies of 
TWCs and the well-being of their people will be all 
the more vulnerable in the event of any global warming 
and the associated consequences like changes in climate 
patterns and sea-level rise. 

In this context an Asian Workshop on the 
International Geosphere-Biosphere Programme—A 
Study of Global Change is being jointly organized 
by the Indian National Committee for IGBP, the ICSU 
Special Committee for IGBP and the ICSU Committee 
on Science and Technology in Developing Countries 
(ICSU-COSTED) at the National Physical Laboratory 
(NPL), New Delhi, during 11-15 February 1991. The 
workshop will be cosponsored by a number of 
international and national agencies. 


A study of global change 

Besides other things, the aim of the workshop is 
to familiarize scientists and decision-makers of TWCs 
of Asia about the importance of their participation in 
it, the scientific programmes relevant to the region 
and the individual countries, and regional and 
international co-operation—^in short to encourage and 
enable the active participation of TWCs of Asia in 
IGBP. The following are some of the topics of regional 
and global interest to be covered in the workshop; 
Trace gases in the atmosphere—their sources, sinks, 
production rates and atmospheric chemistry; 
Deforestation; Biomass burning; Impact of climate 
changes on agriculture and ecosystems; Land use 
patterns and their effects; The Asian monsoon; Sea- 
level rise and its impact; Hydrological cycle and its 
biospheric effects; Biological diversity and sustainable 
development; Palaeoclimate; Space-based observations 
for IGBP; Modelling; Data systems. 

The expected total attendance at the workshop is 
about 150; participation will be by invitation. 

Active scientists working in fields directly related 
to IGBP and who are desirous of attending the 
workshop are requested to write for further information 
to Prof. R. R. Daniel, Secretary, COSTED, 24 Gandhi 
Mandap Road, Madras 600 025. The organizing 
committee is also keen on introducing about ten young 
talented Indian scientists of age below 35 to IGBP in 
order to encourage them to work in this highly 
interdisciplinary programme. Nominations of such 
young scientists with biodata and other relevant 
information are invited from senior scientists with 
whom they are working; these may be sent to Prof. 
Daniel at the above address. 


CURRENT SCIENCE, VOL. S9, NO. 10, 25 MAY 1990 



CENTRAL GLASS AND CERAMIC RESEARCH 

INSTITUTE 

196 RAJA S. C. MULLICK ROAD, CALCUTTA 700 032 


ADVERTISEMENT NO. WO (CGCRI) 

Applications are invited from Indian Nationals for the following posts: 

1. SCIENTIST-B —4 Posts 

(Pay-scale: Rs. 22(X)~75-28(X)-EB~l(XM-000/- Total emoluments at the minimum of the pay-scale will be 
Rs. 3,586/~ p.m.) 

Qualifications 

1st Class Master’s degree or equivalent or Ph D in (i) Chemical engineering/ (ii) Physics with specialization 
in X-ray spectroscopy and diffraction studies/ (iii) Physical sciences preferably with good command over 
English/ (iv) Physical sciences or engineering with specialization in R&D management/ (v) Silicate technology 
or electronics. 

Experience (desirable) 

(i) 2 years’ in mathematical modelling of chemical processes/ (ii) X-ray diffraction studies of poly crystalline 
inorganic solids/ (iii) Professional science journalism, communication skill and printing of technical journals 
and publicity/ (iv) Project management and technical editing/ (v) R&D work in advanced ceramics 
including raw material processing and characterization. 

Job requirements 

(i) Mathematical modelling of R&D processes in equipment and processes development/ (ii) Operation and 
maintenance of X-ray diffraction units and assisting in identification of mineral phases in glass and ceramics/ 
(iii) Technical reporting, publicity and printing of journals, reports, folders, etc./ (iv) R&D management 
including planning, drawing up programme of work and monitoring of projects and preparation and editing 
of technical reports/ (v) To work in R&D projects in the fields of glass and ceramics including technical 
infrastructure. 

2. JUNIOR TECHNICAL ASSISTANT — 13 posts 

(Pay-scale: Rs. 1400-40“ 1800-EB~50-2300/- Total emoluments at the minimum of the pay-scale will be 
Rs. 2227/- p.m.) 

Qualifications 

(i) B Sc or diploma in electronics or instrumental engineering of 3 years duration/ (ii) and (iii) Diploma in 
mechanical or civil engineering of 3 years duration or diploma in draftsmanship of 2 years duration/ (iv) 
B Sc with chemistry preferably with honours/ (v) B Sc with physics, chemistry and mathematics or diploma 
in ceramic technology of 3 years duration/ (vi) B Sc with chemistry preferably with honours or diploma in 
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ceramic technology of 3 years duration/ (vii) Diploma in ceramic technology of 3 years duration/ (viii) and 
(ix) B Sc with physics and chemistry preferably with honours or diploma in ceramic technology of 3 years 
duration/ (x) and (xi) B Sc preferably with diploma in computer application/ (xii) B Sc with physics, 
chemistry and mathematics preferably with honours/ (xiii) Diploma in electrical engineering of 3 years 
duration/ (xiv) B Sc in physics, chemistry and mathematics or diploma in technology or engineering of 3 
years duration. 

Experience (desirable) 

(i) Working knowledge in material science, solid-state physics or electronics device processing laboratory/ 

(ii) and (iii) 5 years in draftsmanship in civil or mechanical/ (iv) in chemical industry/ (v) 2 years in 
refractory industry/ (vi) Working knowledge of modem preparative methods and processes and non-destructive 
procedures/ (vii) 2 years in glass melting and processing or ceramic moulding or modelling and firing/ (viii) 
and (ix) 5 years in ceramics in R&D organization or industry/ (x) and (xi) Computer operation and typing 
speed of 30 w.p.m./ (xii) Operation of high voltage high vacuum equipment/ (xiii) 3 years in installation, 
repair and maintenance of electrical equipment and distribution system. Knowledge of preparation of 
estimates, etc./ (xiv) 2 years in related fields. 

Job requirement 

(i) To operate surface analysis system including electron and ion spectroscopy, high vacuum thin film 
coating unit, electrical material characterization set-ups, etc./ (ii) and (iii) Drafting, tracing and drawing of 
various mechanical and civil jobs/ (iv) To help in pilot plant operation and its data analysis/ (v) To work in 
project ‘zirconia ceramics’/ (vi) To assist in preparation and testing of ceramic materials and operation of 
instruments/ (vii) To work in optical glass pilot plant/ (viii) and (ix) Sound knowledge in testing of ceramic 
and refractory raw materials and finished products as well as Rc&D activities in ceramics. To operate 
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In this issue 


Editing audit reports? 

The Indian scientific community and 
the science audit wing of the 
Auditor-General’s office have, more 
often than not, been at loggerheads. 
While the auditors may have tended 
to pursue their task with a zeal al¬ 
most amounting to ‘fault-finding’, 
scientists’ management of their 
projects/laboratories/institutions has 
not always been faultless. But the 
problem is more deep-seated than 
that: it lies in an unclear definition 
of accountability in science and in 
scientists’ mistrust of auditors. The 
subject was discussed in letters pub¬ 
lished in Current Science recently. 
In a section beginning on page 541 
of this issue, G. Venkataraman 
reports on a recent meeting of scien¬ 
tists, science administrators and 
auditors, and provides revealing ex¬ 
tracts from material presented at the 
meeting. In another article (page 
551) P. M. Bhargava defines three 
components of audit of scientific ac¬ 
tivity. He also lists the problems in 
framing policy for such audit and 
provides some ‘tips’ for auditors. 

Wood-gas to electricity 

The Centre for Application of 
Science and Technology to Rural 
Areas (ASTRA) of the Indian In¬ 
stitute of Science in Bangalore is one 
of many groups all over the country 
working on problems of rural 
households and village communities. 
N. H. Ravindranath et al. of ASTRA 
have studied (page 557) the 


economics, performance and accept¬ 
ability of a small electricity generat¬ 
ing system that uses a diesel engine 
also fuelled by wood-gas. The prob¬ 
lem was to install a decentralized 
power supply system sufficient for 
the low loads in a non-electrified vil¬ 
lage. The concept seeks to avoid the 
cost of transmission lines and trans¬ 
mission losses, and to substitute 
wood-gas for the expensive diesel. 
Besides the economic and gasifier- 
design aspects, the project brings to 
notice several other problems, such 
as acceptance by the village com¬ 
munity, local management and opera¬ 
tion, and availability of land for the 
forest to be raised for the supply of 
wood. 

Boundary events 

The time between the geological 
periods known as the Cretaceous and 
the Tertiary was one of the most 
eventful in earth’s history. The best 
known Cretaceous-Tertiary boundaiy 
(KTB) event is a mass extinction of 
several land and marine forms. One 
of the suggested causes of mass ex¬ 
tinction is a catastrophic event, of 
earthly or extraterrestrial origin. In¬ 
terestingly, an anomalous enrichment 
of iridium, an element rare on earth 
but relatively common in some 
extraterrestrial bodies, has been ob¬ 
served corresponding to KTB at 
various locations. A well-studied ver¬ 
tical section in Meghalaya in India 
also shows an iridium-enriched layer 
at/near KTB and breaks in the fossil 


faunal sequence that are indicative of 
extinction of many species. In a 
paper beginning on page 570, 
Jagadish Pandey responds to an ear¬ 
lier paper that disputed his observa¬ 
tion of faunal break in the 
Meghalaya sequence and the exact 
position of KTB in relation to the 
iridium-enriched layer, and reaffirms 
his earlier observations. Pandey also 
provides illustrations of Cretaceous 
planktonic foraminifers that purpor¬ 
tedly show evidence of predation by 
gastropod larvae, and argues that the 
predation may have ultimately 
brought about (a non-instantaneous) 
extinction of the Cretaceous 
foraminifers. 

Venusian atmosphere 

The study of planetary atmospheres 
has received a big boost by the 
availability of in situ measurements 
obtained by unmanned space probes. 
The orbiting module of the US 
National Aeronautics and Space 
Administration’s (NASA) Pioneer 
spacecraft probed the Venusian iono¬ 
sphere and magnetosphere over 
several years. Using data on electron 
density, electron temperature and 
magnetic field variations obtained by 
Pioneer, R.N. Singh and Hari Gm 
Upadhyay (page 565) compute 
electron density profiles for Venus’ 
ionosphere and suggest that unusual 
variations in electron density and 
magnetic field observed during a 
particular orbit of Pioneer may have 
been caused by solar coronal events. 
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SPECIAL REPORT 

Science and public accountability 

G. Venkataraman 


A recent meeting in Delhi was unique for its attempt to get scientists, science administrators and 
auditors to exchange views and discuss ways and means of ensuring accountability in R&D. A 
report, and summaries and extracts by the author, from documents made available at the meeting. 


Readers of this journal must un¬ 
doubtedly have followed with interest 
the recent correspondence (see Curr. 
ScL, 1989, 58, 673, 782, 836, 1001) 
arising out of the observations of the 
Science Audit Wing of the office of the 
Comptroller and Auditor-General (CAG). 
S. Sathyamoorthy, Director of Audit, 
CWM (11), who replied to the discus¬ 
sion, arranged recently, in close associa¬ 
tion with B. K. Chaturvedi, Joint 
Secretary (Finance), Department of 
Science and Technology, an unusual 
meeting with Science and public 
accountability’ as its theme. The semi¬ 
nar was held in Delhi on 21 and 22 
March. For the first time, scientists and 
auditors got together not only to 
exchange views but also to explore, as 
Chaturvedi declared in his welcome 
address, ways and means of promoting 
accountability in our R&D efforts. 

In his inaugural remarks, science and 
technology minister (state) M. G. K. 
Menon drew pointed attention to the 
fact that the expectations of the public 
with regard to ‘deliverables’ had consi¬ 
derably increased. The S&T sector had 
enjoyed much support, and it was 
imperative to show performance in 
proportion to the investments made. 
Minister of state for defence Raja 
Ramanna emphasized that, while ac¬ 
countability is normally viewed simply 
as financial accountability, there are 
also other aspects to it, like performance 
accountability, environmental account¬ 
ability and so on. 

T. A. Chaturvedi (then CAG but since 
retired) spoke next to explain what the 
objectives of audit are. While it is true 
that the run-of-the-mill auditor tends to 
have the mentality of a policeman and 
would like to notch up an impressive 


number of objections, the CAG has a 
different objective altogether. He patient¬ 
ly described how every effort is made to 
reconcile conflicting facts before finally 
including an audit paragraph in the 
report to Parliament. 

The business part of the meeting was 
arranged in five sessions, almost entirely 
made up of panel discussions relating to 
various aspects of public accountability. 
Not all panelists focused on the theme 
they were to discuss, and there was a 
certain amount of rambling. As a 
prelude to the main programme, B. K. 
Chaturvedi gave a succinct overview of 
the investments being made in the S&T 
sector, the problems faced, and the 
specific issues the meeting should consi¬ 
der. 


Funding priorities 

The first of the panels addressed itself to 
the funding and the financial aspects. 
T. N. Seshan, Member, Planning Com¬ 
mission, who got the discussion under 
way, declared in a rather spirited 
address that, sitting on the Planning 
Commission, he was confronted with 
diverse requests for funds. Given the 
stated rural bias of the present Govern¬ 
ment, money for S&T would not flow as 
easily as in the past. A hard case must 
be made, with matching performance to 
show. P. J. Lavakare, Adviser, DST, 
sought to dispel the notion that scientists 
objected to accountability; rather their 
complaint was about the way the term 
was used. In short, the traditional 
method was unsuitable where S&T was 
concerned and a new measure of achieve¬ 
ment and accountability was needed. 
Speaking on behalf of the educational 


community, University Grants Commis¬ 
sion (UGC) chairman Yash Pal lamented 
that, at present, S&T planning was 
literally being done in a vacuum, consi¬ 
dering the negligible importance given 
to education in general and science 
education in particular. The views of 
S. Ramachandran, Secretary, Depart¬ 
ment of Biotechnology, were particularly 
interesting since much is expected of 
biotechnology in the context of solving 
many problems on the agricultural 
front. According to him the fault is not 
at all with science or even our scientists. 
Science has the answers but it is the 
system that is highly deficient, a point 
he illustrated with several examples. 
Planners often talk of priorities. P. .N. 
Tandon, an eminent neurosurgeon, cau¬ 
tioned that priorities are fine but must 
be laid down with care. He described 
how there was'a tendency to dismiss 
neurosurgery, for example, as a luxury 
and deny funding to it. On the other 
hand, in a large country like ours, the 
number of patients does tend to be large 
and if facilities for treatment are not 
made available locally, people go abroad. 
He observed that the fees paid to one 
particular hospital in the US during one 
year for coronary bypass surgery could 
well have been utilized to set up an 
entire hospital here in the country. 

Managing science 

The next session was on science mana¬ 
gement, chaired appropriately by Sam 
Pitroda, the main architect of the 
Centre for Development of Telematics 
(C-DoT). He duly described ‘Sam’s 
success formula’, which clearly has 
much in its favour, the controversy over 
C-DoT notwithstanding. Ashok Partha- 
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Sarabhai on science management 

The late Vikram Sarabhai is credited with imaginative approaches to science management Given below 
are extracts from a lecture on science administration he delivered to the Nehru Foundation for Develop¬ 
ment Ahmedabad: 


Administrative practices are of paramount im¬ 
portance in creating environmental factors within 
an organization. 

The twin tasks of Government, preservation and 
innovation, call for working cultures which are 
rather different. At one end of such a spectrum are 
certain administrative services acting on preced¬ 
ents and traditions, providing security and continu¬ 
ity, and impersonalized to the extent that if one 
person is substituted by another, every member of 
the organization is fully aware of how the 
successor will behave and operate under a given 
set of circumstances. At the other end, there are 
organizations based on research and development 
involving individuals who act on insights and 
hunches, non-conformists, questioning assump¬ 
tions, innovating and learning. These two extremes 
clearly require organizations and working cultures 
which are rather different. 

Institutions for innovation require organizations 
built around men. The early beginnings of any 
institution are crucial and the culture (or lack of It) 
brought by the first entrants plays a significant role 
In establishing the norms, procedures and practices 
of the organization. 

In professional groups such as those of scientists 
and engineers, it is important to recognize that 


motivation and control are largely Inherent and 
contained in professional commitments. Money, 
hierarchical status and power are important for 
most cadres, but to scientists and professional 
groups, the need for autonomy of working 
conditions and opportunities for self-development 
are equally important. 

The existing Government procedures for selection, 
evaluation, promotion, buying of supplies and 
equipment as also budgetary controls are highly 
inappropriate to the effective functioning of 
scientific laboratories and industries Involving 
complex technologies. 

It seems important that the chief executive, besides 
making and executing policy, maintains direct 
contact with his professional role. The body to 
which the chief executive refers for policy and 
strategic decisions must be compact in size and 
consist of members chosen for their individual 
roles and expertise rather than from a represent¬ 
ation angle. Such features would be Important in 
setting the Tone' and 'quality' of the Interactions 
which occur and the policy decisions taken. 

Structures, procedures and techniques are import¬ 
ant but these must be sustained by a cluster of 
attitudes conveying care, trust and nurture on the 
part of responsible persons. 


sarathi. Additional Secretary, Depart¬ 
ment of Scientific and Industrial Re¬ 
search, cautioned that S&T is too 
diffuse a term. There was a clear distinc¬ 
tion between science and technology 
and therefore also in the objectives and 
styles of institutions pursuing one or the 
other. Science needs support manage¬ 
ment whereas technology needs to be 
managed. Thus the Tata Institute of 
Fundamental Research and the 
Bhabha Atomic Research Centre can¬ 
not and should not be viewed in the 
same light; but audit tends to view 
them in an undifferentiated manner. 
The other speakers outlined their per¬ 
ception of an ideal management sys¬ 
tem. 

In the discussion that followed, 
Chatterjee, who audits the Department 
of Atomic Energy, emphasized that 


audit is a constitutional requirement 
and that we have to live with it. But, 
asked Yash Pal, does that mean that 
audit should be rigid? As chairman of 
UGC Yash Pal was keen on promoting 
excellence, and in this context had 
incurred some expenditure in some 
projects that involved the Indian Insti¬ 
tutes of Technology. Audit objected, 
saying that UGC should deal only with 
universities. Maybe there was legal 
impropriety, but was it not compensated 
by the national good accruing? There 
was no response from the audit side. 

The second day of the meeting began 
with a session devoted to a discussion of 
the internal monitoring processes in 
various agencies and departments like 
the Council of Scientific and Industrial 
Research (CSIR), the Indian Council of 
Agricultural Research (ICAR), the De¬ 


fence Research and Development 
Organization (DRDO), and the Depart¬ 
ment of Atomic Energy (DAE). This 
was the only session where there were 
presentations. The session was presided 
over by V. S. Jafa, Secretary, Defence 
Finance, and most of the talks also were 
by persons dealing with finance or 
procurement. There was a wealth of 
detail undoubtedly of interest to some 
but dull for the most part. There was a 
moment of tension when the CSIR 
representative made rather critical obser¬ 
vations about scientists, but this was 
defused later by B. G. Joshi of DRDO, 
who enlivened the proceedings with 
scholarly Sanskrit quotations on the 
one hand and quotations from Feynman 
on the other. I personally thought that 
very little useful emerged from this 
session. 


CURRENT SCIENCE VOL. 59, NO. 11, 10 JUNE 1990 


542 




SPECIAL REPORT 


Science and audit 

Session 4, chaired by R. Parameshwar, 
Additional Deputy CAG, focused on the 
question of the relationship between 
science and audit. Unfortunately, our 
public, press and Parliament seem to 
feel that accountability simply means: 
‘What does the CAG say?’ Speaking on 
behalf of the CAG, Parameshwar patien¬ 
tly explained the role of audit and how 
it functions. Auditors are trained to 
question, and they evaluate within the 
framework of the parameters set by the 
laboratories they audit. The principal 
objective is fact-finding, not fault¬ 
finding. K. L. Chopra cf IIT, Kharagpur, 
\vould not quite agree since, in his 
experience, he often found objections 
being made simply for the sake of 
objecting. But he did concede that there 
was a lot that was wanting among the 
scientists themselves. P. M. Bhargava, 
former director of the Centre for Cellular 
and Molecular Biology, Hyderabad, 
said that, at present, scientists were 
being held accountable; instead, a system 
must be devised wherein they feel 
accountable. The present system seemed 
to be loaded against the conscientious 
performer. According to him, there was 
an enormous amount of irregularity 
committed strictly within the rules but 
audit, as it functions at present, seems 
unconcerned (see article by Bhargava in 
this issue). Speaking for science audit, 
Sathyamoorthy observed that science 
audit in India was a recent institution 
and still evolving. He also drew attention 
to audit’s difficulty in dealing with a 
wide spectrum on the one hand and the 
lack of information on the other. 
V. Siddhartha of DRDO gave a 
scholarly commentary j on the functions 
of audit, and expressed the view that 
audit is not going far enough in terms of 
connecting the results of the audits of 
different units that have an organic 
relationship between them. For example, 
if CSIR spends money on building 
research, then the audit of the Ministry 
of Works should check if use was being 
made of the know-how generated by 
CSIR. To scientists who fear audit he 
added the comforting remark that no 
scientific establishment has, as yet, ever 
been shut down for lack of performance! 
I too was a panelist, and mad? the point 
that performance assessment must be 
comprehensive instead of by auditors 
alone as at present. The review team 
must include professional scientists. 


management experts, perhaps even psy¬ 
chologists, and of course the traditional 
auditors. There was some sympathy for 
this view among auditors, and I was 
pleasantly surprised to learn later that 
such a scheme is already operational in 
Sweden while France is experimenting 
with it. 

Social accountability 

The last session, again a panel discus¬ 
sion, had science and social accountabi¬ 
lity as its theme. Obviously the title was 
a bit fuzzy, but the presence in the chair 
of L. C. Jain, Member, Planning Com¬ 
mission, and well known as a Gand- 
hian, set the tone to some extent. 
Several people spoke, including myself, 
each of us tending to have his own indi¬ 
vidual interpretation of social account¬ 
ability. Perhaps the most invigorating 
remarks were made by Aromar Ravi, 
who, besides being the youngest speaker, 
is neither an auditor nor a professional 
scientist. He is involved with a unit 
called Development Alternatives, which 
is largely concerned with rural develop¬ 
ment and the like. Ravi is disappointed 
with our S&T effort because it was 
essentially a case of ‘middle-class scien¬ 
tists doing middle-class science for 
middle-class people’! The so-called acce¬ 
leration of growth rate benefits, accord¬ 
ing to him, only a small minority, 
whereas among the majority, there has 
been a rapid rise in unemployment. He 
is therefore concerned whether all the 
effort being made in S&T would ever 
change the quality of life of the poor. 
Naturally he wants efforts to be skewed 
heavily towards the rural sector, and if 
science can help, then well and good. 
But care is required. There was, for 
example, the case of a group of scientists 
who had designed an excellent fuel- 
efficient. stove for use in rural areas. 
However, the stove soon lost its popula¬ 
rity, for the designers had not allowed 
for the fact that village women are used 
to cleaning their fireplaces with cow- 
dung. And when dung was repeatedly 
used on this stove, it ceased to be 
efficient. The moral: For success, social 
scientists must also be associated. While 
Ravi’s views were undoubtedly thought- 
provoking, it is not at all obvious that 
we can afford to abandon our S&T 
thrust. Even villages need electricity, 
communications, transport, kerosene and 
the like. Besides, there is defence, which. 


unfortunately, always requires the latest 
technology. 

An overview 

The meeting certainly provided, for the 
first time, a valuable opportunity for 
scientists and auditors to get together 
and exchange views. While auditors 
were well represented, one would have 
liked to see more working scientists. 
Given the past experience, one obviously 
could not expect instant rapport between 
the two sides, but certainly one could 
see some mutual respect emerging. I, for 
one, found many senior auditors quite 
sincere, besides being helpful and sym¬ 
pathetic. At the same time, there was 
ample evidence of the traditional barrier 
of suspicion. If the links established 
during this meeting are developed, then, 
in course of time, one could see the 
emergence of a healthy relationship. 

Many, including the present writer, 
wondered whether anything would come 
out of this meeting. Not likely, despite 
the several practical suggestions made, 
since nothing like a follow-up seemed to 
be in evidence. 

Cost and time overruns have become 
standard features of not only most 
R&D projects but projects in general. 
The establishment feeling is that this 
is largely the result of sloppiness on 
the part of project managers. However, 
since the problem is endemic, surely 
there could be a deeper reason? Un¬ 
fortunately this is seldom considered. 
Instead the cry goes round every now 
and then: fix responsibility. And if 
the order comes from sufficiently 
above, a scapegoat is also found. But 
all this has not solved our problem— 
not in forty years. 

The recipe for success in R&D is not 
all that complicated. Essentially one has 
to bring together the right kind of 
people and then give them freedom to 
act. This is a tried and tested formula 
that has worked the world over and on 
the few occasions it has been tried, it 
has worked well here also. In general, 
our system may grudgingly permit the 
accumulation of talent but it severely 
frowns upon autonomy, flexibility and 
the like. In the name of protecting 
public interest, we have neatly tied 
ourselves up in an unimaginable tangle 
of rules, controls, procedures and checks. 
But none of this has helped one bit. On 
the contrary, barring the odd exception, 
we have perfected the recruitment of the 
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mediocre, who, lacking commitment to 
progress, often keep themselves busy by 
devising ingenious ways of beating the 
system and bleeding it. As Bhargava 
pointed out, wastage and shady opera¬ 
tions are quite widespread. The establi¬ 
shment’s answer to this has always been 
to impose more controls and checks. In 
all this, it is the person with drive and 
talent who suffers. No matter what 
one’s professional reputation and cre¬ 
dentials, one is treated on par with all 
the rest and slowed down in the process. 
And so the cry goes round that Indian 
scientists are no good and are non¬ 
performers. One finance man vitriolically 
remarked during the meeting, ‘Our 
scientists are not Michelangelos, and 
mediocre scientists will get only medio¬ 
cre treatment.’ 

No amount of articulation seems to 
convince our establishment that it is not 
Indian scientists who are wanting but 
our system. Writing recently in The 
Hindu (25 May 1990), P. V. Indiresan, a 
former director of IIT, Madras, obser¬ 
ved: . in a recent nationwide selection 

of the most outstanding hundred or so 
young engineers in the entire US, ten 
per cent of the places went to Indians— 
nearly ten times the national average. 
This is the kind of talent we have 
lost.. . . tears of inconsolable sorrow 
are shed when the flower of a nation’s 
youth is lost in war. , . . Vet when it 
comes to top technical talent, the only 
desire our society has is for them to 
forsake our country and settle abroad, 
actually compete against us and work 
to diminish our prosperity.’ 

Notwithstanding the loss of talent, 
there is still quite a bit of it left here but 
unable to give off its best thanks to the 
shackles imposed. Add to this the 
overall poor work culture, the plethora 
of holidays, etc., and non-performance is 
all that one can expect. 

Our system is so complex that when I 
deal with a finance man I am expected 
to be up to his level of understanding 
on matters financial, when I deal with a 
contracts man I should know enough 


India’s S&T budget 

B. K. Chaturvedi, Joint Secretary 
(Finance) of DST, offered at the Delhi 
meeting a bird’s-eye view of the manner 
in which investments in S&T have 


on legal matters to answer his queries 
and objections, and so on. Nobody 
bothers that all this cultivation of 
unrequired expertise leads to dilution of 
technical talent. The scientist and the 
engineer must be allowed to perform, 
and enabled to perform in the area of his 
or her chosen profession instead of being 
obstructed, as, sad to say, happens most 
of the time. Perhaps our institutes of 
management should give serious thought 
to how our S&T should be managed 
and then train the required managers so 
that scientists become free to do what 
they can do best. 

I once had a long and anguished talk 
with a very senior bureaucrat who is 
quite knowledgeable. He felt that scien¬ 
tists should not complain but must be 
ready to sacrifice in the Indian tradition. 
Think of Ramanujan’, I was told. Is this 
being realistic? 

I would be unfair if I were to lay the 
blame entirely on the establishment 
since scientists too have their own share 
to carry. For one thing, scientists turned 
bureaucrats are often more obscurantist 
than honest-to-goodness bureaucrats 
themselves. Secondly, there are serious 
lapses of concentration on the part of 
many senior scientists who have earned 
such epithets as non-resident director, 
director-at-large, etc. There really does 
not seem to be a pressing need for 
travelling so much and getting involved 
in the business of other bodies, organi¬ 
zations and institutes, when one’s own 
home is not in order. Then there are the 
endless conferences, workshops and 
what have you, complete with bags and 
company-sponsored lunches/dinners. 
Finally there is the talented minority at 
the fringe, young and dynamic no 
doubt, but somewhat uncommitted to 
our institutions,- like our journals, for 
example. ‘We cannot publish in them 
until they attain world standard and 
achieve wide circulation’, they say. 
Sounds reasonable no doubt, but who is 
to achieve all this? Some Maxwell’s 
demon? 

Altogether it seems to be a painful 


grown over the years. His presentation, 
which was rich with statistical informa¬ 
tion, is summarized below. 

In absolute terms, expenditure on 


chicken-and-egg problem. The scientists 
say: ‘The system is dreadful. Streamline 
it first and give autonomy before 
demanding performance.’ (Science Audit 
believes there is already too much 
autonomy.) The establishment retorts, 
‘No way’, citing horror stories. ‘What 
we need’, they say, ‘is more accountabi¬ 
lity.’ 

And so it is all boiling down to 
accountability without true responsibi¬ 
lity, flexibility and adequate freedom to 
operate. I am afraid this is not going to 
work, and we have seen this already. 
Maybe we should be prepared for 
endless rounds of ‘exposures’ and ‘raps’ 
by the auditors and perhaps also for 
more meetings (like the one reported) 
searching for the missing accountability. 
We have yet to learn that responsibility 
and accountability go together, and that 
we cannot have, as at present, two 
groups, one enjoying power without 
responsibility and the other saddled with 
responsibility but not given the enabling 
powers. 

I know a very bright person who had 
studied physics in college and was there¬ 
fore reasonably knowledgeable about 
what science is. Later he joined the 
Indian Administrative Service. While in 
service he was a hard man to please, as 
I learnt from experience! Subsequently 
he took voluntary retirement in order to 
enter business, and promptly was up 
against bureaucratic hurdles like those 
he himself used to place earlier. Once 
out of Government he became wiser. I 
met him after his retirement and we 
exchanged tales of woe. I then asked 
him, ‘Will things ever change?’ He 
thought intensely for a minute and 
replied, ‘Not for at least a hundred 
years.’ 


G. Venkataraman is Director, Advanced 
Numerical Research and Analysis Group 
(ANURAG), DRDO, P. 0. Kanchanbagh 
Hyderabad 500 258. 


S&T has grown from less than a billion 
rupees two decades ago to more than 
twenty-five billion rupees now (see 
Figure 10. The growth in expenditure as 
a percentage of GNP can be seen in 
Figure 2. Most of the money for R&D 


544 


CURRENT SCIENCE VOL. 59, NO. 11, 10 JUNE 1990 


SPECIAL REPORT 


i(Rs billions) 



Figure 1. Expenditure on R&D in 
nominal and real terms. 
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Figure 2. National expenditure on 
R&D as percentage of GNP. 



Figure 3. Plan allocation for S&T as 
percentage of public sector outlay. 


comes from the Government, the private 
sector contributing a negligible amount. 
It is not merely the amount, but even 
the percentage of plan allocation for 
S&T has grown over the years, as Figure 
3 shows. Of course, on account of 


(Rs billions) 
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Figure 4. Share of R&D expenditure 
by major scientific agencies and other 
departments. 
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Figure 5. S&T allocation (Plan+non- 
Plan) for scientific agencies. 

inflation, the real growth in expenditure 
is somewhat less. The actual figures for 
the years 197*0-71 and 1986-87 are, 
respectively, Rs. 1.4 billion and Rs. 


26.68 billion. If one takes 1970-71 as the 
base year and a 10% inflation rate, the 
real expenditure for 1986-87 is only 
Rs. 5.81 bitlion. 

The money for R&D is shared 
between major scientific'agencies on the 
one hand and government departments 
engaged in technological work on the 
other. In the former category are DAE, 
DOS (Department of Space), DR DO, 
etc., while the latter includes the Depart¬ 
ment of Telecommunication, the Minis¬ 
try of Steel, etc. Figure 4 gives a feel for 
the way the resources are shared by 
these two major groups. Among the 
scientific agencies themselves, the pattern 
of distribution is as shown in Figure 5. 

Into which sectors is the money 
going? The answer to this is available in 
Figure 6. 

The comment is often heard that we 
are not spending as much on research 
as many other countries are. How 
exactly do we compare with others? 
Figure 7 gives the picture in terms of 
percentage of GNP while Table 1 gives 
absolute numbers, which, perhaps, are 
more meaningful. 



Table 1. Per capita R&D expenditure in US dollars for some selected countries grouped by per capita 

GNP in US dollars. 


Per capita 

Per capita 

Per capita 


Per capita 

Per capita 

GNP below 

GNP between 

GNP between 

GNP between 

GNP above 

$500 

$500 and 2000 

$2000 and 5000 

$5000 and 10,000 

$10,000 

India 2.78 

Cuba 

18.22 

Brazil 

13.41 

Austria 

i 103.13 

Australia 

117.47 

(1986) 


(1984) 


(1982) 


(1981) 


(1981) 

Indonesia 1.85 

Egypt 

1.29 

USSR 

117.88 

Czechoslovakia 105.95 

Canada 

175.29 

(1983) 


(1982) 


(1984) 


(1984) 


(1983) 

Pakistan 0.48 

Hungary 

44.21 

Yugoslavia 

23.24 

GDR 

171.57 

FRG 

275.97 

(1979) 


(1984) 


(1981) 


(1984) 


(1981) 


Rep. of Korea 

19.98 



Italy 

69.41 

France 

194.31 



(1983) 




(1983) 


(1979) 


Nigeria 

2.17 



Japan 

254.14 

Sweden 

284.96 



(1977) 




(1983) 


(1983) 


Philippines 

1.21 



UK 

212.25 

USA 

376.10 



(1982) 




(1981) 


(1983) 
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Figure 7. R&D expenditure as per¬ 
centage of GNP for selected countries. 



Table 2. Summary of recommendations to give scientific agencies more 

flexibility. 

Scientific departments must introduce zero-base budgeting 
They should be empowered to create posts 

Flexible complementing scheme to be adopted while promoting scientists 
Exemption from purchase through DGS&D 
Exemption from scrutiny by Staff Inspection Unit 

Scientific departments (with major civil works) could have their own civil engineering 
wings 

Autonomous bodies like ICAR, CSIR, etc. to have full financial powers without reference 
to the concerned ministry 


While expenditure on S&T rose over 
the years, as did the scope of the R&D 
activity, the system itself was not 
concurrently streamlined to handle this 
increased activity. Subsequently, based 
on a recommendation of the Science 
Advisory Committee to the Cabinet 
(SACC), a series of decisions were taken 
to enable the science agencies to func¬ 
tion better (see Table 2). Chaturvedi was 


of the view that, despite these deleg¬ 
ations, there has not been a matching 
improvement in performance. On the 
other hand, it also emerged during the 
discussions following Chaturvedi’s pre¬ 
sentation that many government 
departments are yet to implement the 
decisions, although presidential sanction 
for the same was accorded sis years 
ago! 


Chaturvedi concluded his presentation 
with a series of questions relating to 
funding and the administration of 
science, all of which need consideration. 
The most important of these was: 
Where greater autonomy has been 
given, has there been a corresponding 
increase in accountability? 


Zero-base budgeting—a primer 

In December 1983, Government accepted in 
principle the recommendation of the Science 
Advisory Committee to the cabinet that the 
budgets of ail S&T departments be formulated on 
the principle of zero budgeting. Subsequently, a 
committee headed by T. N. Seshan prepared a full 
report on the introduction of zero-base budgeting 
by S&T departments/agencies. An extract from 
the report to highlight what exactly is meant by 
zero-base budgeting: 

The principle of zero-base budgeting (ZBB) is 
the following; 

(i) Start from 'base zero' every year. 

(ii) Look at every activity afresh. 

(iii) For each identifiable activity (called decision 
package in ZBB terminology) find the most cost- 
effective way of execution, and feasible activity 
levels and corresponding resources. 


(iv) Rank each decision package based on a set of 
criteria (priority allocation). 

(v) Draw the line of acceptance based on the total 
resources available. 

(vi) Iterate the above with work-around plans in 
case the resources fall short of requirements. 

(vii) Plan and budget from alternative sources of 
funds to promote and protect the programme's 
objects and priorities. 

The focus is on the programme and total 
resource requirements for the cost-effective option. 
The inevitable budget cuts can be absorbed 
rationally, instead of arbitrarily, without necessity 
of recycling the entire budget exercise. Real-time 
reallocations or reappropriation between the ap¬ 
proved programmes can be done more rationally in 
the event a programme is unable to realize 
expenditure as planned during the financial year 
due to unforeseen technomanagerial or procedural or 
external reasons. 


Auditing science—the Indian situation 


S. Sathyamoorthy has, at various times, 
written extensively on performance in the 
S&T front and the problems faced. Since 
his views are of both interest and 
importance, various extracts are reprodu¬ 


ced below. These also are taken from the 
background material supplied at the 
Delhi meet. We start with a question 
posed by Sathyamoorthy which is also 
uppermost on many minds. 


Has Indian science struck roots? Have 
the results and achievements touched 
the lives of the common man? In the 
words of [former primer minister] Rajiv 
Gandhi: 

Development and science are related. Under¬ 
development by definition is the lack of being 
able to use modern science and technology 
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To promote the cultivation of science. . . 

In 1958, the Government adopted a 'Scientific Policy Resolution', which was supposed to provide guide¬ 
lines for the growth of science and technology in the country. Later, in 1983, the Government made a 
'Technology Policy Statement', which was a kind of sequel to the earlier resolution. Given below are 
some extracts from these two documents. 


First, some extracts from the 'Scientific Policy 
Resolution 

The dominating feature of the contemporary world 
is the intense cultivation of science on a large 
scale, and its application to meet the country's 
requirements. 

The Government of India have accordingly decided 
that the aims of their scientific policy will be 

(i) to foster, promote, and sustain, by all appropri¬ 
ate means, the cultivation of science and scientific 
research in all its aspects—pure, applied, and 
educational; 

(ii) to ensure an adequate supply, within the 
country, of research scientists of the highest 
quality, and to recognize their work as an 
important component of the strength of the nation; 

(iii) to encourage, and initiate, with all possible 
speed, programmes for the training of scientific 
and technical personnel, on a scale adequate to 
fulfil the country's needs in science and education, 
agriculture and industry, and defence; 

(iv) to ensure that the creative talent of men and 
women is encouraged and finds full scope In 
scientific activity; 

(v) to encourage Individual initiative for the 
acquisition and dissemination of knowledge, and 
for the discovery of new knowledge, in an 
atmosphere of academic freedom; and 


(vi) In general, to secure for the people of the 
country all the benefits that can accrue from the 
acquisition and application of scientific 
knowledge. 

The Government of. India have decided to pursue 
and accomplish these aims by offering good 
conditions of service to scientists and according 
them an honoured position, by associating scien¬ 
tists with the formulation of policies, and by taking 
such other measures as may be deemed necessary 
from time to time. 

Extracts from the Technology Policy Statement’ 
made by the Government in January 1983: 

The basic objectives of the Technology Policy will 
be to 

(a) attain technological competence and self- 
reliance, 

(b) provide the maximum gainful and satisfying 
employment to all strata of society, 

(c) use traditional skills and capabilities, 

(d) develop technologies which are Internationally 
competitive, 

(e) reduce demands on energy, 

(f) ensure harmony with the environment, pre¬ 
serve the ecological balance and improve the 
quality of the habitat, and 

(g) recycle waste material. 


for the benefit of our people to increase their 
productivity, to increase their comforts, to 
improve their life-span. If we are going to 
break this barrier, it must come from our 
scientific institutions and from our scientists, 
technologists and industrialists. 

Viewed in the light of these objectives, 
Indian S&T has yet to produce effective 
contraceptives, cheaper building mate¬ 
rials, dependable communication sys¬ 
tems, the much-needed vaccines, indu¬ 
strial materials, etc.; or, seemingly moving 
from the sublime to the absurd, we are 
yet to produce non-leaking taps, lasting 
shoestrings and well-sticking glue. 

The National Research Development 
Corporation, a Government of India 
undertaking, has been assigned the 


responsibility of promoting indigenous 
technologies and inventions. Almost 
75% of processes referred to it originate 
from CSIR laboratories, about 9% from 
Defence establishments, about 2% from 
the Railways and the rest from other 
sources. Data regarding the number of 


agreements signed by it, new processes 
that have gone into production, etc. are 
given in the table. 

The gross royalty and premia earned by 
NRDC, which was Rs. 10.5 million in 
1982-83, increased to Rs. 10.6 million in 


Technology transfer by NRDC during 1980-1985. 


Year 

No. of 
licence 
agreements 

No. of new 
processes 
put into 
production 

Estimated 
investment by 
entrepreneurs 
(Rs. millions) 

Estimated 
value of 
production 
(Rs. millions) 

1980-81 

119 

10 

13.5 

1 

1981-82 

127 

8 

3 

0.4 

1982-83 

120 

11 

95 

10.3 

1983-84 

136 

5 

4.5 

0.4 

1984-85 

138 

4 

13 

2 
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1983-84, but registered a marginal 
decline in 1984-85. Thus the return on 
R&D has not made any appreciable 
increase, although allocations for S&T 
have gone up substantially. 

What are the reasons for the above state 
of affairs? Perhaps absence of effective 
management. 

Echoing these concerns, the prime 
minister, in a conference of directors of 
national laboratories, observed: 

This really means that what we are looking 
for is much better scientific administration. 
Scientific administration must be a subject 
on its own. It cannot be borrowed from our 
general bureaucratic system. At the same 
time, the answer is not to find the best 
scientist and make him an administrator 
because then we lose a scientist. Perhaps we 
do not even gain in administration. It is a 
very specialized task. We have not developed 


in this area and we must see how we can 
develop this. 

/45 is only to be expected, Sathya- 
moorthy himself wonders why an admini¬ 
strative structure suitable for the growth 
of S&T has not been evolved. He 
continues: 

Why have we failed to develop science 
administration? To begin with, there 
was the heady cocktail of mixing the 
preservative spirit of governmental cul¬ 
ture with the innovative spirit of 
scientific culture. While innovative spirit 
had to be nurtured and promoted, it 
also had to be recognized that creativity 
did not last for a lifetime. Necessarily, 
therefore, scientific ideas, institutions 
and personnel had to be constantly 
turned over. However, this has not 
happened in Indian science, and the 


Abid Hussain Committee tellingly de¬ 
tailed this aspect [see box for more 
extracts]: 

Scientists wanted the best of both the 
worlds.. . they wanted flexible complement¬ 
ing, liberalizations, generous funding, as well 
as security of job for a lifetime. This heady 
cocktail is unscientific, unhealthy and is 
eating into [our] vitals. 

Secondly, scientific bodies have proli¬ 
ferated without direction. 

Yet another area of failure was the 
innovation chain not stretching up to 
the realization of industrial products. 
For this purpose, an organic relationship 
between the research institution and the 
user institution was necessary. However, 
audit has come across instances where 
such organic relationship could not be 
established even between two govern- 


The failures of CSIR 

CSIR has a big chain of national laboratories, dispersed all over the country. Its activities and perfor¬ 
mance have been the subject of frequent comments, both in the press and in Parliament In order to have 
flexibility, CSIR formed itself into a registered society and yet by adopting the standard government 
practices lock, stock and barrel, it lost a golden opportunity to evolve its own rules. 

In 1986, Abid Hussain {then of the Planning Commission), submitted to the Government a report on 
CSIR, in which he examined its performance. The report generated an intense debate. In the present context 
of science and public accountability, it seems pertinent to publish a few extracts from that report. 


Starting with expectations and performance, Hus¬ 
sain remarks: 

The CSIR system has not lived up to expectations. 
It has not provided much in terms of scientific 
breakthroughs or advances in the frontiers of 
knowledge which have received international 
recognition. It has been unable to develop 
technologies which would meet even the most 
agonizing needs of our economy and society, let 
alone facilitate modernization. 

There is no clear sense of direction. The major 
failure, perhaps, is its inability to transform 
scientific results In the laboratory into technologies 
for industrial production. 

According to Hussain there are many reasons for 
this failure, one of which is that 

there is disproportionate emphasis on basic re¬ 
search, not always well chosen, which can bring 
recognition from other scientists in the profession; 
as a corollary, applied research in the sphere of 
development of technology is mostly neglected, 


inter alia, because it is riskier and yields little in 
the form of academic kudos and material rewards. 
Even in the realm of basic research, however, 
international standards of excellence have been 
attained only in exceptional cases. 

Hussain would like CSIR to have a clear sense of 
direction and a clarity in objectives. Towards this 
end, he offers many suggestions. He also has 
things to say about CSIR headquarters. He 
remarks: 

At present, the functions of CSIR headquarters are 
largely administrative rather than scientific, which 
is not as it should be. We believe that the 
headquarters should be the nerve-centre of the 
CSIR system and not its administrative muscle. Its 
principal task should be to plan for scientific 
research and technology development, for which 
purpose it needs more horizontal liaison outside 
CSIR and less vertical control within CSIR. 

Finally, he emphasizes that 'CSIR should 
function as a society and not like a department of 
the Government'. 
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ment departments, and the money spent 
on research projects was rendered 
meaningless. 

Indian science has also spread its 
resources thin. We may not have life¬ 
saving drugs or much-needed vaccines, 
but we have research programmes on 
desert medicine, Himalayan medicine, 
folk medicine, traditional medicine, 
sports medicine, Vedic medicine, nuclear 
medicine and what have you. Such 
spreading is a direct result of growing 
vertical empires built to accommodate 
personnel! 

Having described rrany of the short¬ 
comings of the scientific establishments, 
Sathyamoorthy also talks about science 
audit, its role, some of its findings. 

Measurement and analysis are funda¬ 
mental to science, yet measurement of 
performance and analysis of reasons for 
failures seem to be anathema to scienti¬ 
sts. A simple example is absence of 
project accounting in science, be it a 
laboratory project or a capital-intensive 
project. Unless individual project ac¬ 
counts are kept, how can we ensure that 
there is no inefficiency or wastage in 
terms of time and money? But this is 
never done and accounting is gross. 
Science Audit has come across cases 
where land is bought, equipment acqui¬ 
red, and even buildings constructed with 
money from revenue account because 
capital account is closed! 

Scientists’ viewpoint is that research 
cannot be planned, or made to order; 
research should be left alone to the 
researcher; research results cannot be 
predetermined; and in the final analysis 
it is the creative, innovative individual 
who generates new knowledge and he 
should not be bound by auditorial and 
bureaucratic chains. In other words, 
they say, ‘Provide money to scientists; 
ask no questions, and take what comes.’ 
They desire immunity from accountabi¬ 
lity. But it is not for constitutional 
requirements alone that project account¬ 
ing is required; it is also required for 
scientists to measure their performance 
in terms of time and money spent and 
to analyse their mistakes. 

Science Audit is not engaged in fault¬ 
finding; it is engaged in fact-finding. It 
endeavours to find out whether the 


department or laboratory has drawn up 
suitable systems before embarking on 
ambitious projects. Secondly, audit 
wants to ensure that the personnel who 
have to operate the systems act in a 
bona fide and cost-effective manner. 
This is ensured by checking whether the 
scientific efforts have been carried out 
within the parameters drawn up by the 
scientists/laboratories/departments them¬ 
selves. The parameters relate to cost, 
time and physical resources. If there is 
escalation in cost or failure in time 
schedule there should be reasons. After 
all the parameters had been drawn up 
by the departments/laboratories, keep¬ 
ing in view the constraints of the 
environment in which they operate. In 
other words. Science Audit measures 
performance against self-designed para¬ 
meters. The effort is to have achievement 
accounting of the scientists and labora¬ 
tories. 

Commenting on the problems scientists 
have with administration, Sathyamoorthy 
observes: 

While, on the one hand, scientists reject 
traditional administrators because they 
cannot respond to the needs of science 
today, we find scientists themselves 
making poor administrators. Perhaps 
what we require is a mutant of the 
present-day administrator. 

According to Sathyamoorthy, instead 
of effective management, scientists and 
scientific establishments have been gravi¬ 
tating towards soft administration. 
Elaborating, he says: 

Scientists asked for autonomy and 
CSIR was an example. Later they asked 
for independence and the Department 
of Atomic Energy became the example. 
Further on they asked for liberalization 
and freedom from controls and we did 
away with DGS&D, DGTD, UPSC, 
foreign exchange control, etc. Ultimately, 
they are the final decision-makers for 
science policy and plans, with a member 
(science) in the Planning Commission. 
And with most of the scientific mini¬ 
stries/departments under the prime 
minister, even political control over 
science has become diluted—because, 
had these been distributed under various 
ministers, the prime minister could have 
questioned their performance. With so 
many liberalizations, autonomy, freedom 


from controls, and centralization of 
decision-making, the only control over 
Indian science that still survives is the 
indirect control of audit! ^ 

A unified Science Audit was created in 
April 1986 to audit departments like 
DAE, DOS, etc. Explaining these deve¬ 
lopments, Sathyamoorthy remarks: 

Since the Comptroller and Auditor- 
General (CAG) has been given the 
responsibility of protecting the interests 
of the common man, the constitution 
and the citizen rely upon the CAG’s 
judgement, dedication and professiona¬ 
lism in ensuring accountability of scien- 
tis.ts. I may quote here my Audit Officer 
B. K. Das, who says: 

Scientists and auditors are both truth- 
seekers. 

Both analyse, investigate and even dig deeper 
To unearth facts—being the nation's trust- 
keepers, 

Their inaction would make the nation 
weaker. 

The findings of Sathyamoorthy made 
headline news some time ago. Not all in 
the S&T establishment were happy with 
his critical observations. Reacting to this, 
Sathyamoorthy says: 

Commenting upon Science Audit find¬ 
ings, Bal Phondke, erstwhile editor of 
The Economic Times, observed: 

The scientists are apt to get carried away by 
'their own accomplishments so that a realistic 
estimate of their potential and worth or the 
investments in time, personnel as well as 
finances needed to bring them to fruition is 
not possible. 

Sathyamoorthy is keen to assure the 
scientific community that he is not their 
adversary. He adds: 

I am all for science and I am aware that 
the country can exist without audit but 
cannot exist without science. But it is 
this very criticality of science which 
underscores the need for an able 
performance by scientists. If today’s 
scientists, administrators, policy formu- 
lators, managers, auditors, planners and 
ministers do not exercise vigilance, our 
scarce resources may be misapplied, our 
rate of growth may become slow. This 
we can ill afford. I cannot put it better 
than what Prof Blackett has said: 

We must endow ability whenever it is found 
and we must guard against subsidizing 
mediocrity. 
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Policy, procedures and performance 


T. A. Chaturvedi, former CAG, has^ in an 
article entitled 'Administrative perfor¬ 
mance and accountability, given an 
illuminating analysis of how administra¬ 
tion functions against various pulls and 
counterpulls. This and ‘ other related 
material were distributed during the 
Delhi meet as background information. 
Extracts: 

The crucial test of efficiency and effec¬ 
tiveness of administration lies in the 
accomplishment of the objectives stipu¬ 
lated in policy decisions. Very often we 
are told that the policy is good but its 
implementation is poor or bad. In a 
way this is a contradiction in terms. A 
policy which fails to take into account 
the possible constraints of performance 
cannot be deemed a good policy. Policy 
is rooted in the experience of the past. It 
is motivated by the compulsions of the 
present. Also, policy is anticipatory in 
nature and is oriented to the perspective 
of the unfolding future. If a policy is 
thus three-dimensional, obviously it 
must take note of the environmental 
barriers and uncertainties and human 
inadequacies if it is not to flounder in 
the process of implementation. A policy 
which is based on ‘ifs’ and ‘buts’ will be 
a statement of intentions or aspirations, 
but cannot certainly be a policy in the 
real sense of the term policy. If it does 
not lead to performance, it is nothing 
short of administrative abortion. Policy 
must effectuate successful programmes 
and consistently seek, strive for and 
retrieve the desired goals. 

Policy and performance constitute a 
continuum. It is, however, a wrong 
assumption that a policy once outlined 
will automatically fructify into perfor¬ 
mance. People castigate administration 
for its lack of result orientation. It is 
said that administration lacks achieve- 
ment-mindedness. It is criticized as 
procedure-ridden, ritualistic or narcis¬ 
sistic, or self-centred in its approach and 
orientation. It is not the harmony and 
balance of the administrative system, 
whether internal or external, that will 
satisfy the people. Their expectations 
are on the performance of the system. If 
it fails in results, if it is slack or 
lackadaisical in its performance, the 
natural reaction of the people is that 


both the system and the people who 
man and manage the system are at 
fault. 

Discussing performance, Chaturvedi 
quotes the observation of Albert Camus: 
'Good governments are governments under 
which nothing happens.' He adds: 

All it means is that when the scope and 
scale of the operation of the Govern¬ 
ment is limited, the concern about its 
performance is also limited. But in a 
situation where Government has an 
ever-increasing expanding role, the per¬ 
vasiveness and impact of admini¬ 
stration are both getting more extensive 
and intensive as much as the accom¬ 
plishing side of the Government. 

An administration reluctant or inward¬ 
looking cannot meet the demands of 
such an aggressive environment. 

Concerning developmental activities 
{like scientific research, for example), 
Chaturvedi remarks: 

It is imperative that development- 
mindedness should be an attitude of 
mind, a psychological dimension that 
must express itself in administrative 
performance whatever the segment of 
public service be, and must characterize 
and permeate the entire spectrum of 
administration. 

According to the dictionary, performance 
is to be understood in terms of accom¬ 
plishment, attainment, achievement, exe¬ 
cution or implementation of goals and 
tasks. 

If one makes a cursory view of the 
process of planning for development, 
one will see that the implementational 
aspects have not received the attention 
which the formulation aspect has recei¬ 
ved. As W. H. Lewis (Principles of 
Economic Planning, London, 1963) 
observes: 

One can plan by direction alone, or by 
inducement alone, but one cannot plan by 
exhortation alone, when the major result of 
one’s actions is to make the inducements 
work in the opposite direction. This is not 
planning, but merely pretending to plan. 
Planning is a serious business. What makes 
planning is not the targets, which merely 
express what we would like to see happen, 
but the action that is taken to achieve these 
targets. 


Turning to accountability, Chaturvedi 
observes: 

Accountability is the kingpin of demo¬ 
cratic administration. But it is not only 
regulatory and punitive in its purpose 
and contents. It has a positive orienta¬ 
tion and promotional goal, viz, to 
ensure adequate administrative perfor¬ 
mance under democratic supervision 
and guidance. 

How exactly does one interpret the 
word accountability? Chaturvedi provides 
the answer: 

Accountability or responsibility can be 
interpreted in a narrow sense as answer- 
ability to the superior authority for 
implementation and for achievement. 
The basic purpose is that the admini¬ 
strative ofjerations are carried out with 
economy, efficiency and effectiveness. In 
the context of the rule of law, the 
procedural proprieties also become a 
necessary adjunct to the concept of 
accountability as operationalized. That 
is why there is always the need to 
consciously think on the matter and see 
that, in the name of accountability, 
performance does not become the pri¬ 
soner of non-decision and of the rigid¬ 
ities of procedures and regulations. All 
this requires a more integrated view of 
the totality of the situation if the 
developmental tasks have to proceed 
smoothly and speedily to fulfil the 
expectation of the people. In a demo¬ 
cratic system the pulls and pressures are 
inevitable and instead of bemoaning 
them, for the sake of administrative 
performance, they must be rationalized 
and contained through a proper ap¬ 
proach and understanding of their 
constraint and their potential. 

Chaturvedi quotes from the report of 
the Royal Commission on Financial 
Management and Accountability set up 
in Canada in 1976: 

Accountability, like electricity, is difficult to 
define, but possesses qualities that make its 
presence in a system immediately detectable. 
To touch a live wire in a circuit is enough to 
establish the presence of electricity without 
further need of definition. The shock of 
recognition that attends the presence of 
accountability in a system of government 
may not be quite as direct, but is nonetheless 
detectable.... 

In short, accountability relies on a system of 
connecting links, a two-way circuit involving 
a flow of information that is relevant and 
timely, not only for managers but for those 
who must scrutinize the decisions and deeds 
of managers. We gauge its presence when we 
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observe that a certain discipline has been 
imposed upon those who are assigned roles 
and duties in the system. In simple terms, 
accountability is that quality of a system that 
obliges the participants to pay attention to 
their respective assigned and accepted res¬ 
ponsibilities, to understand that it does 
matter. Thus, the likelihood that agreed goals 
and objectives will be attained is enhanced. 

Comforting to scientists would he the 
following remarks: 

Accountability for administrative per¬ 
formance cannot be equated only with 
the narrow traditional audit. In any 
case, in the broader context of perfor¬ 


mance this approach should not lead to 
inordinate administrative cost in delays, 
dampening of initiative, reduction of 
discretion and flexibility, as this may 
become self-defeating. Accountability 
unfortunately becomes more a function 
of mistrust than positive in approach. 

Accountability can be legal or judicial, 
financial and audit, legislative and 
political, administrative and program¬ 
matic. There are formal organs of 
control, apart from the administrative, 
like the judiciary and the legislature, 
intended to enforce accountability. 


Similarly, there are legislature or 
parliamentary instruments like the 
question hour, interpellations commit¬ 
tees of the parliament, etc. that hax^e 
a vital constitutional obligation and 
role to play in this regard. 

The one important point to note is that 
the formal controls should not be such 
as to inhibit initiative for action, or for 
decision-making. It is easy to be wise 
after the event, but hindsight is not 
necessarily foresight when compelling 
circumstances call for action. 


What science audit should be 

Pushpa M. Bhargava 


No one will deny today that science has, 
in our times, come to be intricately 
interwoven into the fabric of our very 
existence and has become a major factor 
in determining socioeconomic and other 
policies; this new role of science is 
perhaps one of the most significant 
changes that have occurred in the 
twentieth century scenario in compa¬ 
rison to the situation that obtained 
towards the end of the last century. It is 
therefore understandable that, today, 
the involvement of the State in the 
affairs of science all over the world is 
substantial—so much so that, in most 
countries, science and technology poli¬ 
cies are determined largely by the State. 
State-run scientific research institutions 
today account for a substantial propor¬ 
tion of the world’s scientific output. In 
fact, whether a scientific research 
institution is owned art4 run by the 
State or by another organization— 
charitable or otherwise—^the fact is that, 
directly or indirectly, it is public money 
that is used to finance it. The times of 
Newton and Darwin, when one could 
do science in one’s parlour, are now all 
of the past; the process of doing science 
has become so complex that all science, 
requiring experimental and instrumental 
inputs, is done only in institutions. 

It is this institutionalization of science 
and the intimate and extensive involve¬ 
ment of the State in the conduct of 


scientific research all over the world 
that has generated the need for audit of 
scientific institutions. (The term audit 
generally means financial audit though, 
as we shall see later, financial audit 
without concurrent scientific audit may, 
at most, serve a very limited objective.) 

I therefore begin with the assumption 
that no one would disagree with the 
view that scientists and scientific agen¬ 
cies, departments and institutions, must 
not only be held accountable but must 
also feel accountable. This accountability 
would have three distinct components: 
scientific, financial and social. Financial 
audit is obviously best done by approp¬ 
riately trained auditors, scientific audit 
by the scientific community, and social 
audit by the society through an approp¬ 
riate machinery. Perhaps the most 
important point to recognize in this 
context is that any of these audits by 
itself is of little value. Therefore, financial 
audit must be accompanied by an audit 
of the scientific performance as well as a 
social audit—^that is, determination of 
the extent to which the social needs that 
were postulated to be met by the 
scientific research conducted and the 
effort put in have been met. The social 
needs may include the society’s or the 
country’s need for intellectual leadership, 
or just satisfaction of the desire to be 
creative that is built into our genes. I 
believe that the ideal situation would be 


where only one audit-cum-performance 
report is produced when one is assessing 
a scientific research institution or 
organization—a report that would in¬ 
corporate and collate all three types of 
audit. 

The problems 

The above is easier said than done. Let 
me list some of the problems that one is 
likely to encounter when laying down 
the policy for such an audit. • 

(i) It is difficult to put the management 
of science into a rigid compartment or a 
slot, for such management is both 
science and art that keep on evolving 
continuously. In our country we have 
not realized how intimately the evolu¬ 
tionary aspect of science is related to 
science audit. Those who manage or 
audit science may be well-meaning and 
humane, but to them all science and 
technology is the same. It is therefore 
easy to see why they make so many 
mistakes in assessing the financial and/ 
or scientific performance of an indivi¬ 
dual or an institution or organization. 

(ii) In science, the only rule that holds 
good for good management, at both 
macro and micro levels, is that there is 
no invariant set of rules for good 
management. 

(iii) Our science managers and auditors 
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are generally trained to work with set 
patterns. They must be educated in 
recognizing and appreciating patterns 
that have never been woven before; this 
is what creativity is all about. 

(iv) In science, the best-managed, labo¬ 
ratories are often the ones that are the 
least managed. The art of least mana¬ 
gement is virtually unknown in our 
country; our tradition of feudalism and 
authority argues against it. If one is 
dealing with a set of first-rate institu¬ 
tions, they must, by definition, be 
substantially different from one another. 
To deal with such diversity is not easy 
for the auditors. 

(v) In our country, unfortunately, sci¬ 
entific research organizations often exist 
for the manager and not the other way 
round. Such a situation is bound to lead 
to unethical actions within the frame¬ 
work of rules, and thus to a conflict 
which the auditors must face and cope 
with. 

(vi) We often confuse scientific manage¬ 
ment with public relations. The auditors 
are not trained to distinguish between 
real science and effective PR. 

(vii) Audit is not merely looking at 
whether rules have been followed to the 
letter or not. One of the main functions 
of any kind of audit would be to 
determine the extent of success achieved. 
To do so, one would need to define, 
with as much precision as possible, the 
requirements or the ingredients for 
success in scientific research, so that one 
can determine to what extent the 
institution or the organization has 
provided such ingredients in its structure 
and nurtured them. Some of these 
ingredients are: (a) the right kind of 
people at all levels—that is, not only the 
scientists but also the support staff; (b) 
the policy in regard to the choice of 
research problems; (c) infrastructure— 
water, electricity, administration, ac¬ 
counts, stores, purchase, security, can¬ 
teen, guest house, workshop services, 
gas and so on (in the Centre for Cellular 
and Molecular Biology (CCMB), 65 
such services that were essential for the 
operation of the laboratory were identi¬ 
fied); (d) equipment and apparatus; (e) 
buildings (the extent to which spatial 
organization can determine success or 
failure in a research institution is often 
not realized); (f) quick availability of 
information, both published and un¬ 
published (which often implies belonging 
to the invisible ‘club’ in any given area); 


and finally, but very important, (g) the 
culture of the laboratory, an important 
element of which would be the recogni¬ 
tion of the non-hierarchical nature of 
science and of the stringent requirements 
of academic integrity. The auditor must 
be aware of these ingredients for success 
to be able to determine the extent to 
which they have been provided by the 
institution for optimal utilization of the 
financial resources. For example, a 
particular piece of equipment may not 
be optimally used, or may have to be 
unnecessarily duplicated, because of 
poor organization of space or the 
unhealthy culture of empire-building in 
the institution, with the keys to the 
empire unavailable to ‘others’ for part 
or all of the time. The audit must take 
appropriate note of such situations. In 
fact, in the School of Life Sciences in 
one of our better universities, many 
groups have separate buildings, leading 
to unnecessary duplication of equipment 
and services and suboptimal utilization 
of available resources. 

(viii) Doing modern science is a highly 
complex operation, for many areas of 
science, such as modern biology, require 
a highly elaborate infrastructure. Rules 
and regulations often come in the way 
of maintenance of such an infrastructure. 
I believe it is impossible to design any 
set of rules and regulations that would 
allow the complex infrastructure re¬ 
quired for doing high-quality science at 
state-of-the-art level by operating within 
their framework, if only for the reason 
that these requirements keep on chang¬ 
ing and there is no machinery that 
would allow the rules to keep pace. 

(ix) People who do creative science are 
often rebels; in fact, all creativity is, in a 
way, a rebellion. By temperament, they 
find unconventional solutions to pro¬ 
blems. They are often sensitive people 
who are extremely averse to bureaucratic 
intervention or interference in what they 
are doing. The rule is that there exists 
an inverse relationship between a 
person’s excellence as a scientist and the 
square root of his willingness or desire 
(as against ability) to manage science; if 
a first-rate scientist does accept to 
manage science, it is not because that 
was his first choice, but only because 
the alternatives would have been so bad 
that he would not have been able to do 
his science at all. Therefore, by their 
very nature, scientists may be allergic to 
even the most reasonable, progressive. 


sensitive and helpful of auditors, and 
look at them with suspicion. This is a 
fact that the auditors must recognize. 

(x) Scientific work, by its very nature, 
often involves facing unexpected pro¬ 
blems that must be solved with the 
utmost expediency. On many an occa¬ 
sion, the existing rules are grossly 
inadequate to take care of them, but an 
auditor is obliged to evaluate solutions 
of such problems within the framework 
of existing rules, ignoring the special 
circumstances in which decisions may 
have been taken. 

(xi) An assessment of whether the ex¬ 
penditure was justified even if all the 
rules were followed is often difficult in 
science. Such an assessment cannot be 
made without assessing the results 
obtained, which, in fact, can only be 
judged by the scientists’ peers, science 
being an elitist activity. 

Tips for auditors 

From what I have said above, it would 
be obvious that it would be extremely 
difficult to provide a set, immutable 
recipe for the success of those who carry 
out financial audit of scientific institu¬ 
tions. However, from my limited experi¬ 
ence, I believe auditors will do well to 
keep the following points in mind when 
camping in scientific institutions for 
professional purposes. 

(i) The objectives of the laboratory 
must be clearly understood. The scienti¬ 
sts can help by stating these objectives 
unambiguously and with clarity, and in 
a language that would be understood by 
the auditors. The objectives must be 
clearly achievable, and the statement of 
objectives must indicate the modus 
operandi for achieving the objectives. If 
the objectives are ill-defined (such as in 
the case of the slogan garihi hatao\ the 
audit should make this point specially 
in its report, as no performance audit is 
possible if the objectives themselves are 
ill-defined and imprecise. It should be 
recognized that financial audit of re¬ 
search institutions is of limited value 
unless it is accompanied by a suitable 
performance audit in which the total 
expenditure and the manner in which 
the expenditure* is incurred can be 
related to past performance and the 
promise for the future. What is impor¬ 
tant is the objective of audit and not the 
audit process per se. To ensure this, it 
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would obviously be essential to associate 
a group of scientific peers with the audit 
process. How this association may be 
formalized, or even made statutory, is 
indeed the question that we ought to 
discuss and debate. 

(ii) It should be recognized that scientific 
research represents a wide spectrum of 
activity, from repetitive work and work 
involving minor modifications in existing 
processes to objective basic research and 
phenomena-oriented basic research for 
which no Immediate use can be postu¬ 
lated. The organizational, administrative 
and working pattern, the financial 
management, the inputs, the staffing 
pattern, and the infrastructural require¬ 
ments for optimum performance would 
be different for different kinds of 
scientific research activity. Therefore, a 
particular method of assessment, includ¬ 
ing assessment of the manner in which 
the expenditure has been incurred, that 
will be suitable and optimal for one 
kind of research institution may not be 
suitable for another. Thus, the audit 
pattern for optimal results would need 
to be basically different for, say, a 
laboratory engaged in research in syste¬ 
matic biology from that for a laboratory 
engaged in research using a high-energy 
cyclotron, or one doing frontier-area 
research in molecular biology using ex¬ 
perimental animals and micro-organisms. 
The audit group should be alive to 
this fact and attempt, through dialogue 
and experience, to determine what 
pattern of audit would be optimally 
suitable for the particular laboratory. 

(iii) An assessment must be made of the 
scientific performance of the institution 
as against the objectives set forth. The 
assessment of this performance would, 
again, differ from objective to objective. 
Thus the performance of a research 
laboratory engaged in developmental 
work would need to be assessed dif¬ 
ferently from that of a laboratory 
engaged in basic research. While reason¬ 
able, objective criteria are available for 
evaluating performance in science, the 
evaluation often requires a high level of 
technical expertise. I recognize that this 
could pose a problem for the audit. The 
onus of establishing to the audit group 
that the laboratory or the organization 
has done well in regard to meeting its 
objectives over the period under con¬ 
sideration must rest with the scientific 
staff (including the head) of the labora¬ 
tory or organization. It would therefore 


require sensitivity on the part of the 
auditors to science and scientific work, 
and the ability to make a judgement, 
given the information that the scientists 
would provide, whether the institution 
has been successful or not. I hope that, 
if this exercise is done assiduously, in 
course of time a pattern will emerge 
that would help subsequent audit 
parties. This would indeed be significant 
research in audit techniques. (There is 
no reason why India should not be a 
pioneer in this regard!) 

(iv) As I have already mentioned, the 
three types of audit—financial, perfor¬ 
mance and social—must go hand in 
hand. It follows that those who carry 
out financial audit must either acquire 
an understanding of science or depend 
on scientific assessment carried out by 
another (professional) group. They 
should remember that those engaged in 
a creative activity such as science are 
sensitive. This sensitivity should be 
matched by the auditors. 

(v) In looking at the manner in which 
funds have been used, an important 
question that should be asked is: Is 
there any evidence of corruption? Here I 
am not concerned whether the prescri¬ 
bed rules were strictly followed or not, 
as corruption can occur within the 
framework of rules, and the fact that 
rules were followed could become an 
alibi for corruption. I realize it is 
difficult, at times, to determine what is 
corruption and what is not. One 
yardstick, perhaps, would be the motive 
behind the action and the circumstances 
under which it took place. Here the 
judgement of the audit party would be 
important, but before making the judge¬ 
ment, it would be obviously essential to 
look into the matter in detail, and 
attempt to determine, using available 
information, the commitment, character 
and overall performance of those con¬ 
cerned. This is difficult but certainly not 
impossible to do. This is where one of 
the greatest challenges of financial audit 
lies. Let me give an example: CCMB’s 
electron microscope, with all its acces¬ 
sories, probably cost about Rs. 10 
million. The interest on this amount, at 
the rate of 12% per annum, would come 
to approximately Rs. 3000 per day, 
which is the money we would be losing 
if we kept the machine idle for one day. 
There are parts of the machine that 
would cost no more than, say, one 
hundred rupees if imported. However, 


situations do arise—-and not too infre¬ 
quently—when importing a part could 
take three to six months, while the same 
part would be available within the city 
on payment of, say, Rs. 500, on the 
condition that no receipt is asked for. 
Would it be justified to buy this part 
and provide a fictitious receipt (or no 
receipt) and thus avoid letting the 
microscope be idle even for one day? Or 
would it be more appropriate to wait 
for importing the part? I have no doubt 
that I would do the former and say 
without any compunction to the audit 
party that that is what I did. The 
question is: What should the audit do in 
such cases? 

(vi) An attempt should be made to 
relate expenditure to accomplishment 
during the period in which the expendi¬ 
ture was incurred, and to the promise 
for the immediate or even distant future. 
In other words, audit should be both 
performance- and promise (real and not 
imaginary)-oriented. 

(vii) If it is found that certain prescribed 
procedures were not followed, it should 
be determined as to what the circum¬ 
stances and motives were, and only then 
an observation made. Such an analysis 
may, indeed, lead to changing the 
procedures when they become outdated 
and are no longer in keeping with the 
challenges of time. In other words, one 
of the objectives of audit should be to 
recommend changes in procedures that 
would improve performance, and make 
it easier for the scientists to function 
without having'to go extensively outside 
the framework of prescribed rules. 

(viii) The audit must ensure that the 
institution or individual scientists do 
not pay a penalty for performance. This, 
unfortunately, is happening in the audit 
of scientific institutions—specially the 
better ones—with increasing frequency. 
Where there have been failures, the audit 
should make an attempt to find out the 
reasons for the failure, pinpoint the 
blame to the right quarter in the 
hierarchy, and suggest remedies. In 
large organizations, often the blame for 
the failure does not lie with the unit that 
is being audited but elsewhere, perhaps 
with those who occupy the top echelons 
of power. For example, in the case of 
one national laboratory of CSIR, the 
headquarters of CSIR refused to sanc¬ 
tion staff for security or money for 
building a boundary wall when the 
laboratory was under construction. As a 
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consequence, a lot of material, specially 
fittings put in by the contractors, were 
stolen. CSIR headquarters made the 
suggestion that the laboratory should 
employ contractual security, not recog¬ 
nizing that no security agency under¬ 
takes the job of securing a building that 
is out in the open and lacking a 
boundary wall. In another instance, in 
the same laboratory, the sanction for 
the buildings was given first and for the 
services later, so that avoidable expense 
had to be incurred to conceal the 
services in the already finished walls. 

(ix) While carrying out financial audit 
of an institution, a reference should be 
discreetly made to those from outside 
the institution who have financial deal¬ 
ings with it to find out the creditability 
of the institution and the extent of 
corruption within it, if any (a difficult 
thing to do, but not impossible). Such 
an investigation should be brought 
under the purview of audit, if it is not so 
today. 

(x) Lastly, the audit should provide not 


only criticism where appropriate, but 
also commendation, based on both 
absolute merit and comparison with 
other institutions. I have never seen a 
commendation in any audit report. In 
other words, the audit should distin¬ 
guish between an institution where 
ninety-five things are right and five 
went wrong in spite of the best efforts, 
without any ulterior motive of personal 
gain or profit, and an institution where 
ninety-five things went wrong as a 
result of deliberate strategy and five 
turned out to be right by accident. 
To point out only the wrong things 
in both the cases would put both the 
institutions on par, which would not 
only be unfair but also demoralizing 
for those who have done their best 
to perform. 


Conclusions 

It is clear that the structure of the audit 
system that takes care of scientific 


research institutions must change. The 
auditors must develop new attitudes, 
acquire increased understanding of 
science, and learn to interact meaning¬ 
fully with active scientists. Above all 
they will have to learn to be good 
judges of people and of the vagaries of 
science and scientists. Rules and regula¬ 
tions are necessary but they would 
make sense only when they are operated 
within a larger framework of knowledge, 
understanding, appreciation and objec¬ 
tivity. And when that happens, I have 
no doubt that money that is made 
available for science will begin to be 
used far more effectively than it has 
been so far. Should not ensuring 
oprimal use of money be the single most 
important objective of audit? 


P. M. Bhargava, until recently Director 
of the Centre for Cellular and Molecular 
Biology, Hyderabad 500 007, is CSIR 
Distinguished Fellow at CCMB. 
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Platelet aggregation 

Blood platelets are discoid cells without 
nuclei whose most important physio¬ 
logical function is apparently in haemo¬ 
stasis, i.e. arrest of bleeding from a 
wound in a blood vessel. The essential 
property that enables platelets to fulfil 
this function is their response to and 
activation by external stimuli—such as 
collagen exposed by injury to a vessel 
wall, ADP leaked from injured red cells 
or released upon activation, or thrombin 
formed by blood coagulation—indivi¬ 
dually, one after another, or in combina¬ 
tion. Activation may be to varying de¬ 
grees and stages depending on the nature, 
dose and duration of action of the 
stimuli. Three stages are usually 
recognized—shape change (from disc- 
oidal to spheroidal), aggregation and 
release or secretory reactions. Fully 
activated normal platelets undergo all 
stages of activation. Platelet activation 
has pathological 'overtones, contributing 
to atherosclerosis, metastasis or throm¬ 
bosis. Aggregatory reactions of platelets 
may provide insights into mechanisms 
and modulations of intercellular interac¬ 
tions, But it appears now that investigat¬ 
ing platelet activation is no simple 
matter and there is no straightforward 
answer to the question of what the 
order of aggregatory reactions of blood 
platelets is, and to several other ques¬ 
tions about platelet activation. Tra¬ 
ditionally platelet aggregation is regar¬ 
ded as being similar to colloidal particle 
aggregation and it is believed that the 
Smoluchowski theory of diffusion- 
controlled irreversible aggregation 
applies. Bikhazi and Ayyub^ were the 
first to test these assumptions. They 
showed that these assumptions would 
lead to a second-order rate equation for 
aggregation. Their experimental data 
on the ADP-induced aggregation of 
unstirred human platelet-rich plasma, 
however, showed a complex time 
course. Second-order rate constants 
calculated from the data up to 45 sec 
(1.4-9 X 10" cm^/platelets/sec) were 
10-100 times higher than that predicted 
by theory. They suggested that aggreg¬ 
ation might be surface barrier-con¬ 
trolled, i.e. that platelets coming close 
together by diffusion aggregated accord¬ 
ing to the reactivity of their surfaces. In 
experimental situations, however, coll¬ 
oidal particle aggregation rates are 


somewhat less than those predicted by 
theory, the correction factor lying some¬ 
where between 0.5 and 0.8 (ref. 2). 
Furthermore, the late constants are 
much higher than even the theoretical 
upper limitjfor second-order reactions in 
solution. This conflicts with micro- 
calorimetric results of Ross et al.^, who 
found that the thermal effects of human 
platelet aggregation can be easily balan¬ 
ced (except in the case of thrombin) in 
the two micro-calorimeter cells, a feat 
well-nigh impossible for fast reactions. 
Interestingly Higashi et al^ found 
first-order kinetics for ADP-induced 
aggregation of human and rabbit gel- 
filtered platelets. They found, however, 
second-order kinetics for human but 
not rabbit platelet-rich plasma. But 
Nichols and Bosmann^ found first-order 
kinetics. Davis and Bown^ found a 
fractional order of 1.6. Hause et alP 
suggested that platelet aggregation is 
complex and the order of the reaction 
might change with conditions. Jamalud- 
din and Krishnan® suggested a complex 
mechanism for first-order kinetics. 
Obviously aggregatory reactions need 
to be characterized carefully, employing 
native platelets under defined con¬ 
ditions, if one is to understand them. 
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Galtxl ->3Gal-specific 
antibodies 

Owing to the vast variation possible in 
their structure and conformation oligo¬ 
saccharides could be much better repo¬ 
sitories of biological information com¬ 
pared to proteins or nucleic acids. For 
example, theoretically, 3 different amino 
acids can form only 6 tripeptides but 
the same number of different hexoses 
can make 1056 different trisaccharides. 
Carbohydrate binding by glycosidases, 
glycosyl transferases, lectins and anti¬ 
bodies is crucial in any biological recog¬ 
nition, be it in fertilization, growth or 
tumour metastasis. New concepts envi¬ 
sage spatiql and temporal variations in 
structure and/or concentration of glyco- 
conjugate oligosaccharides on the one 
hand and carbohydrate-binding proteins 
on the other to modulate differentiation. 
Correlation of metastatic potential with 
certain carbohydrate sequences in some 
tumours holds promise for cancer the¬ 
rapy by biochemical engineering. 

Probably due to their virtual absence 
in humans, a-linked galactose moieties 
of eukaryotic glycoconjugates, unlike 
their /^-counterparts, had attracted much 
less attention. However, recently a flood 
of information on a-galactosides in man 
and other animals, vital for both the 
clinical immunologist and the evolution¬ 
ary biochemist, has been obtained, 
chiefly by the work of U. Galili and 
colleagues, originally at the Hebrew 
University, Jerusalem, and presently at 
the University of California, San Fran¬ 
cisco. They detected a naturally occurr¬ 
ing antibody of the IgG class that was 
specific to terminal Galal->3Gal 
epitopes and present in the serum of 
only humans and Old World monkeys^ 
Interestingly they also noted that the 
terminal Galal->3Gal structure, ubiqui¬ 
tous in other animals, was virtually 
absent in man and Old World monkeys^. 
They suggested that, in humans and 
Old World monkeys, as production of 
antibody to Galal-»-3Gal (termed anti- 
Gal) evolved, probably to counter in¬ 
vading micro-organisms, this epitope 
disappeared, by suppression of the 
al-^3 galactosyl transferase gene, so as 
to avoid autoimmune reaction. 

This hypothesis evoked several ques¬ 
tions. Anti-Gal being universal in man, 
how many of those unexplained auto¬ 
immune diseases could be accounted for 
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by the sporadic expression of the 
(evolutionarily) recently suppressed al-^3 
galactosyl transferase gene?—especially 
as J. L. Avila and colleagues from 
Venezuela demonstrated in 1988 a spurt 
in anti-Gal production accompanying 
parasitic infection in man^. Curiously 
the Galal^3Gal-binding anti-Gal anti¬ 
body leaves untouched the Galal-»3 
(Fucal->2)Gal that constitutes the B 
and AB blood group antigens, in what 
could be an example of immunological 
fine-tuning and tolerance'’’. 

Colonization of murine lung by the 
malignant murine cell line MO 4 depends 
on availability of exposed terminal a- 
Gal groups on these cells. Treatment 
with a-galactosidase therefore abolishes 
their lung-colonizing ability. Alternatively, 
covering the terminal a-Gal groups of 
MO 4 cells with anti-Gal from human 
serum could also prevent lung coloniza¬ 


tion by the cells, as shown by V. 
Castronovo and colleagues of the Univer¬ 
sity of Liege^. Even the F(ab ')2 fragment 
of anti-Gal could bring about the same 
effect, ruling out any role for the 
nonspecific Fc portion of the antibody 
in reduction of lung colonization. In this 
context it may be remembered that 
altered glycosylation of surface glycocon- 
jugates has been widely recognized as a 
hallmark of the malignant phenotype. 
Tumour-specific expression of a 1^3 
galactosyl transferase to form a-galacto- 
side end-groups has been noted^. Could 
anti-Gal have a scavenging role in 
removing such cells? Whatever be the 
answer, the recent insights into the role 
of anti-Gal and Galal->3Gal epitope 
are bound to influence the strategy of 
containing infections, autoimmune diseases 
and tumours. 
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A rural energy system based on energy forest 
and wood gasifier 

N. H, Ravindranath, H. L. Dattaprasad and H. 1. Somashekar 


A decentralized electricity generation system using a 5 kW wood gasifier has been installed for 
electrification in a non-electrified village. All the 43 houses in the village are provided with two 
lighting points each in addition to eight street lights. An energy forest has been raised and an 
annual productivity of 6,4 tonnes per hectare has been recorded compared to an annual wood fuel 
requirement of 5,1 tonnes for the gasifier, A diesel substitution level ofJSy^ has been achieved in the 
field. The use of electricity for lighting has saved 0,803 tonne of kerosene per year in the village. 
Economic analysis has been carried out for the wood-gas-based system. The study has demonstrated 
the technical feasibility of a decentralized electricity generation system based on renewable source 
of energy which has been accepted by the village community. 


In remote rural settlements the basic energy needs, 
apart from energy for cooking, are electricity for 
lighting and shaft power for pumping water (drinking 
and irrigation) and flour milling. Such settlements are 
located away from the power grids and the loads would 
be low. Thus, in view of the long distance over which 
the electricity has to be transmitted to remote villages 
and the low loads involved, the approach of the 
centralized generation and grid transmission is inefficient 
and involves relatively higher transmission and distri¬ 
bution losses compared to supplies of large loads to 
nearby load centres ^ The cost of transmission lines is 
also high (Rs 20,000/km of 11 kV lines). Thus, one of 
the options for meeting the energy needs of home 
electrification, pumping, flour milling, etc. in rural 
settlements could be to shift to decentralized electricity 
generation systems based on renewable sources of 
energy. There are several options like wood-gas, biogas 
and solar energy systems. In this paper, a wood-gas- 
based system is considered for village electrification. A 
small wood gasifier of 5 kW capacity has been 
developed at ASTRA, Indian Institute of Science^. A 
field experiment was undertaken with the following 
objectives: (i) To experiment with a decentralized 
electricity generation system using a small wood gasifier 
(of 5 kW) for electrification of a non-electrified village, 
(ii) To grow an energy forest to supply wood in a 
sustainable way and to make the energy system self- 
reliant. (iii) To study the performance of the wood 
gasifier and its technical feasibility and economic 
viability, (iv) To develop and implement a local 


N. H. Ravindranath, H. L. Dattaprasad and H. I. Somashekar are in 
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management system involving the village community 
for the operation and maintenance. 

Hosahalli, a backward and non-electrified village in 
Tumkur district (100 km from Bangalore) with a 
population of 267, was selected. Group meetings were 
held with the village community and they agreed to the 
project proposal. They provided land for growing an 
energy forest and for the generator room. Using the 
project funds (i) an energy forest was raised, (ii) a 
generator room was built, (iii) wiring of all the 
households was carried out and (iv) two village youths 
were trained to operate the system. The woodgasifier- 
diesel engine-genset system has been in operation since 
May 1988. 

Connected load 

The village community agreed for two lighting points 
for each house and lighting for 4 to 5 h per day. Load 
in kW = 43 houses x (1 x 40 W flourescent tube +1 x 15 W 
bulb)+8 street lights x 40 W flourescent tube = 2.685 kW 
or 10.74 kWh/day considering 4 h of lighting. Considering 
a load of 2.685 kW a 3.7 kW diesel engine genset was 
installed. 

Energy forest for sustainable supply of wood fuel 

The basic concept was not to deplete the existing stock 
of local biomass or to infport biomass. Given a load of 
10.74 kWh/day and 1.3 kg of wood/kWh, the wood 
requirement is 14kg/day and 5.1 t/year. Energy forest 
was planted on a plot of 2 ha of wasteland to supply 
wood in a sustainable way. The species composition 
and density are as follows: 
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Leucaena leucocephala 

2023 

Dalbergia sissoo 

1357 

Eucalyptus hybrid 

1147 

Cassia siamea 

679 

Acacia auriculiformis 

580 

Casuarina equisetifolia 

814 

Total trees per ha 

6600 


The annual and coppice productivity are given in 
Table 1. It has to be noted that the energy forest did 
not receive any irrigation, or fertilizer or weeding. The 
organic matter content of the topsoil is 1.8% and the 
total annual rainfall during the two years was 89 and 
85 cm. To supply the annual requirement of 5.11 of 
wood in a sustainable way for the given load, about 
1 ha of energy forest is adequate. 

Operation of the system 

Two trained youths from a nearby village are operating 
the system. The operation of the gasifier involves 
obtaining small twigs from the energy forest and cutting 
them to 4 X 2 X 2 cm dimension. Labour required for 
procurement and preperation of 14 kg of wood chips 
required per day is 4 h in the total manual mode and 
2.2 h using a 0.75 kW cutter. Thus, the operator can 
prepare wood during the 4h of gasifier operation for 
lighting even in manual mode. 

Operation cost 

The operation cost is given in Table 2. When the diesel 
and labour cost are included the cost is Rs 1,22/kWh. 
Since wood is available from energy forest the operation 


Table 1. Productivity of the energy forest. 



Total 

productivity 
dry t/ha 

Productivity 
dry t/ha/yr 

At 12 months 

6.961 

6.96 

At 24 months 

12.90t 

6.45 

Coppice yield 



between 12 and 24 

— 

4.50 

months 




Table 2. Operation cost of the wood-gas-based electricity 
generation system. 

Inputs 

Qty/kWh 

Cost/kWh 

Cost/month (Rs) 

Diesel 

Labour for wood 

130 ml 

0.52 

167 

preperation 
and operation* 

0.37 h 

0.70 

225 

Total 

— 

1.22 

392 


*Even though 4 man hours are adequate for the operation of the 
system, currently more labour is employed in the field as the second 
phase of the project is still being implemented. 
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cost to the village community is Rs 392/month or Rs 
9/household/month. The villagers have agreed to pay 
Rs 6/household/month. However, the repair and 
replacement costs are not included. 

Performance of the wood gasifier 

One of the aims of the project was to monitor the 
performance of the 5 kW gasifier over longer hours of 
operation in the field. For this purpose two gasifier 
units were installed and used alternatively. Performance 
results are shown in Figure 1 for 8 months during 1989. 

1) Wood consumption for the 5 months out of 8 
months is between 1.2 and 1.4 kg/kWh. During May to 
July it was slightly high due to the air nozzle failure. 

2) The ratio of hours run in dual-fuel mode to total 
hours operated ranged between 71 and 91.8%. This 
shows that barring the first and last 15 min the diesel 
engine was run in dual-fuel mode for most of the time. 

3) Diesel replacement averaged over the month range 
between 66.9% and 76.8% over a period of 8 months 
under consideration. 4) A problem in the form of gas 
valve failure in the damper was noticed. The major 
problem in the form of air nozzle failure was noticed 
after 825 and 790 h of operation of gasifier-1 and 
gasifier-2 respectively. The steel welding at the joint 
cracked. In response a new design to overcome the 
problem has been developed^. No other system 
problem was faced with respect to the gasifier. 

Economic analysis of the wood-gas-based electricity 
system 

The wood-gas system to be replicable must be 
economically viable. Economic analysis is carried out 
using the discounted cash flow (DCF) technique namely 
net present value (NPV) method. (NPV = Present value 
of life cycle benefits-Present value of total life cycle 
costs.) 

The spread sheet used for the DCF analysis of a 
biogas system'*’ has been used here. Total life cycle cost 



Mont h s 

Figure 1. Wood use per kWh, diesel replacement and hours in dual¬ 
fuel mode. 
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is the sum of present values of all the costs throughout 
the life of the project. The life cycle benefits are 
calculated from the sale of electricity. The unit cost of 
sale of energy (Rs/kWh) is computed by setting 
NPV = 0 and solving for the unit cost of energy. The 
unit cost of energy is calculated taking a discount rate 
of 12% for the wood-gas-based system and is compared 
with a diesel-based system of similar capacity. The 
details of capital cost and operational cost are given in 
Table 3 and Table 2 respectively. The unit cost of 
energy (Rs/kWh) at different levels of capacity utilization 
is given in Figure 2. 

At the current level of operation of 4 h/day, the wood- 
gas system would be economical only if electricity is 
priced at Rs 3.50/kWh. When the effect of different 
hours of operation on the unit cost of energy is 
considered, it can be observed from Figure 2 that the 
unit cost of energy decreases as the hours of operation 
increases for wood-gas as well as for diesel systems. 
Beyond 5 h of operation/day the unit cost of energy for 
wood-gas system becomes cheaper than that for the 
diesel system. 

It has to be noted that the small wood gasifier design 
is still in its initial development stage and cost 
reductions are possible through design improvements. 
The economic viability could be improved further; (i) by 
matching the gasifier-diesel engine capacity (5 kW) with 
the generator capacity (5 kW) as currently a 3.7 kW 


Table 3. Capital cost of 3.7 kW wood-gas-based and diesel system. 



Woodgas 

system 

Diesel 

system 

Gasifier 

16,000 

— 

Engine + genset 

28,600 

28,600 

Voltage stabilizer-1-accessories 

6,000 

6,000 

Wood cutter 

3,000 

— 

Building 

5,000 

5,000 

Energy forest 

5,000 

— 

Total 

63,600 

39,600 


Life of the gasifier and engine is taken to be 50,000 h and 20,000 h 
respectively. The diesel engine has to be overhauled every 5000 h. 
Annual maintenance cost is taken as 5% and 10% for the gasifier and 
engine respectively at an operational level of 20 h/day. 



Figure 2. Price of electricity for different hours of operation. 
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generator is connected and (ii) by increased capacity 
utilisation through diversifying the use of gasifier 
system for meeting the other energy needs like pumping 
water and operating a flour mill leading to increased 
capacity utilization. 


Management of the decentralized system 

The decentralized systems have to be managed at 
decentralized level. A committee consisting of four local 
members and a local government official has been 
formed. The functions of the committee are: (i) Protection 
of energy forest and generation units, (ii) Supervision of 
operation and operators, and (iii) Assistance for 
collection of charges and maintenance of accounts. The 
committee is partially managing the systems now. 

Problems and prospects of decentralized system 

The field experimentation has demonstrated the techn¬ 
ical feasibility of the decentralized electricity generation 
system based on renewable source of energy. In 
addition, the Hosahalli experiment has demonstrated 
the following: 

Acceptance by the community. Even though the 
neighbouring villages are connected to grid electricity, 
the Hosahalli Community has accepted the decentralized 
wood-gas-based system. 

Equitable distribution. The whole community has 
accepted two lighting points equally for all houses 
irrespective of the economic or social status. 

Sustainability. All the woodfuel required is being 
grown locally making the system self-sustainable and 
environmentally sound. 

Saving kerosene. Reduction in kerosene consumption 
from a pre-electrification level of 1512 1/year to 
insifignificant level has been achieved. However 5041 of 
diesel is used annually for the dual-fuel engine. Thus 
annually there is a net saving of 0.803 t of oil, a non¬ 
renewable source of energy, in addition to improving 
the quality of lighting. (This point was made during the 
KSCST Seminar on Power Generation, 1989.) 

Such decentralized systems have several obvious 
advantages over centralized generation and transmission 
systems especially for remote locations: (i) The cost of 
transmission lines for connecting the remote village to 
the grid is saved, (ii) The transmission and distribution 
losses (22 to 24%) are avoided especially in low load 
situations, (iii) Adverse environmental impacts associated 
with large centralized systems are avoided, (iv) Decen¬ 
tralized systems lead to local skill and employment 
generation and more importantly to self-reliance of the 
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village community, (v) It is a renewable system as wood- 
gas system is based on wood fuel. 

However some problems could be visualized for large 
scale replication of wood-gas-based electricity generation 
systems: (i) The land required for growing an energy 
forest may not be available in some situations, (ii) The 
village community may not always be enthusiastic 
about shouldering the responsibility of operation and 
management of the system and (iii) At present the 
system is not yet economically viable though possibilities 
exist for the near future. 

Village community has demanded pumping drinking 
water and operation of a flour mill using the wood-gas 
system. This" phase is in progress. It would lead to 
increase in hours of operation and further improving 
the economic viability. It is hoped that the community 
would take full responsibility in the management of the 
system after the completion of this phase. A similar 
decentralized electricity generation system based on 
biogas has been in operation since August 1987 in Pura 
village 8 km from Hosahalli"^. Thus decentralized 


renewable energy systems for meeting all the village 
energy needs are becoming feasible options. 
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The extended lobes in a small fraction of radio quasars 
show a pronounced departure from coilinearity with the 
central nucleus. A careful analysis using new and existing 
aperture synthesis observations of high angular resolution 
and dynamic range shows no significant increase in these 
misalignments or ^bends’ with cosmic epoch up to 
redshifts of about 2, contrary to claims in the literature. 
It is also argued that in many cases the bends may be 
largely apparent, small true misalignments between the 
parsec-scale and kiloparsec-scale jets being amplified by 
the close orientation of quasar jets with our viewing 
directions. 


Although the twin lobes of radio quasars are generally 
well aligned on either side of the central nucleus, 
suggesting a high degree of symmetry and collimation 
in the central engine, mapping of large quasar samples 
has revealed many examples^’^ in which the hotspots in 
the lobes depart significantly from coilinearity with the 
nucleus. The study of such misalignments can in 
principle be used to infer their physical causes and to 
probe the environment of radio quasars. From an 
investigation of the epoch dependence of source 
morphology, Miley^ and Barthel and Miley'*’ have 
reported that radio quasars at z>1.5 appear to be 
much more bent and distorted than those at z<1.5. 
This has been interpreted by them as arising mainly 
from the interaction of radio jets with a clumpier 
ambient medium at earlier epochs. In view of the 
considerable cosmological significance of this result it is 
important to be sure that observational and instru¬ 
mental effects are not responsible for introducing an 
epoch dependence of radio structures. Ideally, quasars 
at different redshifts must be mapped with similar 
dynamic range and number of resolution elements 
across their total extent. Barthel and Miley"^ (hereafter 
BM) compared the structures in a sample of 80 steep- 
spectrum quasars at z> 1.5, which were mapped^ with a 
resolution of '^0.4 arcsec and a dynamic range 
generally better than 200:1, with a lower redshift 
sample compiled from the literature to have similar 
radio luminosities and spectral indices. As the median 
redshifts in the two groups differ by a factor of ^2.5, 
and the median value of the largest angular size (LAS) 
goes approximately as z“^ (e.g. ref. 5), a typical 
resolution of ^ 1 arcsec is desirable for the low-z group. 
The structural data for about half of the 40 extended 
sources in this group were, however, derived by BM 
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from maps of poorer resolution and/or rather limited 
dynamic range. 

In order to enlarge the comparison sample of z< 1.5 
quasars and to obtain higher quality data, I have 
recently mapped 46 objects using the National Radio 
Astronomy Obsevatory’s Very Large Array (VLA) in 
the LFS at a wavelength of 6 cm. Using this new data as 
well as other data in the literature, I present here the 
results of a new analysis of the epoch dependence of 
source distortions that does not appear to support the 
BM result. I argue, furthermore, that in many cases a 
substantial part of the observed bending at all redshifts 
could be only apparent, a small degree of true 
misalignment being amplified by the close alignment of 
the jet axes in quasars with our viewing direction^. This 
possibility has been ignored*^ or considered unimpor- 
tant'*' in some earlier discussions of the causes of bent 
structures among quasars. 

Observations and results 

The sample of quasars with z< 1.5 observed with VLA 
included objects from the BM list as well as all those 
picked from a recent compilation of extended quasars® 
to have a 408 MHz flux density > 2 Jy, but without 
adequate maps in the literature. In order to ensure the 
similarity of the low- and high-redshift samples with 
regard to their total radio luminosity and spectral 
indices, the available radio spectral information on the 
objects was carefully examined and only those with 
Psghz^IO^^ WHz"^ (for ffo = 75 kmsec"^ Mpc“^ and 
qQ = 0.5) and steep high-frequency spectral indices 
(SvOCv“®) were included to conform to the 
criteria used by BM to define the low-z sample. The 
observations were made in the ‘B’ configuration of 
VLA in the form of two ‘snapshots’ at different hour 
angles for each source. Ten of the sources with 
LAS > 50 arcsec were also observed at 20 cm. The data 
were processed at Socorro using the standard AIPS 
software. The final images have angular resolutions of 

1.4 and 4 arcsec at 6 and 20 cm respectively, and a 
dynamic range of about 200-1000:1. The maps, and a 
detailed discussion of the observed structures will be 
presented elsewhere (Kapahi, in preparation). 

The higher brightness sensitivity and dynamic range 
of the present observations are clearly apparent in the 
greater detail and complexity seen in the lobes of many 
sources, compared to their earlier maps. Two examples 
are shown in Figure 1. In the case of 10124-022 (Figure 
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1012+022 




14 22 38.0 37.8 37.6 37.4 37.2 37.0 

Right ascension 

Figure 1. Total intensity maps of (a) 1012 + 022 and (b) 1422 + 202 at 4.9 GHz. Contour levels are 0.3 x [ -1, 1, 1.5, 2.5, 4, 8, 16,32, 
64, 128, 256 and 512] mJy/beam. Optical positions of quasars are shown by crosses. 


la) the bent structure did not show up in the earlier 
modeP based on fitting limited visibility data. The 
source 1422 + 202 (Figure lb) was previously known^^ 
to have a simple triple structure in the north-south 
direction. Note that, although the strongest peaks of 
emission on the two sides are aligned with the core, the 
previously unknown structure to the south-east makes 
this source appear distorted. This raises an important 
question concerning a quantitative measure of mis¬ 
alignment. The misalignment angle, p, was defined in 
BM as the supplement (misprinted as ‘complement’) of 
the angle between the lines from the peaks in the source 
extremities to the radio core (/? = 0° for a collinear 
source). It is not always obvious as to which feature in 
the brightness distribution should be regarded as the 
extremity. In the high-z sample a few quasars have been 
assigned large values of p in BM because of fainter 
features in one of the lobes extending at large angles 
from the axis defined by the brightest peaks (e.g. 
1323 + 655 and 1540+180 in ref. 2), not unlike the case 
for 1422 + 202. Such a measure of bending is clearly 
sensitive to the brightness limit and dynamic range of 
the observations. Some examples of basically similar 
structure in low-z quasars are 0300-004, 0610+260, 
1606+ 180 (present observations), 3C 249.1, 3C 334 and 
3C 351 (high-dynamic-range VLA maps^^; D. H. 
Hough, private communication). Such features could be 
the fossil radiation due to a change in the direction of 
the beam or may be related to the phenomenon of flow 
redirection^^ subsequent to the collision of a beam with 
a dense intergalactic cloud. In the following discussion I 
will use values of p estimated from the peaks of surface 
brightness in the two lobes, which should correspond in 
most cases to hotspots where the beams are presently 
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depositing their contents. 

The plot of /? vs z is shown in Figure 2. Apart from 
the 46 sources reported here, it includes another 73 
sources with z<1.5 (from ref. 8) that satisfy the 
luminosity and spectral-index criteria of BM and for 
which reliable estimates of p could be made from data 
in the literature. Some relevant data on the most 
‘crooked’ quasars (/?>20®) are listed in Table 1. The 
data for the z> 1.5 quasars in Figure 2 are taken from 
BM, with some changes due to the different definition 
used here, which results in a significantly lower P for 
three sources (viz. 1323 + 655, 1345 + 584 and 1540+180) 
and a higher value for one source (0553 — 205). There is 
no evidence in Figure 2 for an increase in p with z over 
the entire range of redshift, contrary to the BM result. 
The fraction of sources with large bends {P^20°) does 
not also appear to increase with redshift at least up to 
2^2 (^^22% for z< 1 and 19% for 1 <z<2). It rises to 



Figure 2. Plot of bending angle against redshift. 
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Table 1. Misaligned quasars (^>20°) at 2 < 1.5. 


Quasar 

z 

LAS (sec) 

/?(deg) 

Ref. 

0127 + 233 

1.470 

3 

94 

28 

0159-117 

0.669 

15 

21 

P 

0736-019 

1.033 

9 

28 

P. 13 

0758+143 

1.197 

4 

21 

28 

0812 + 020 

0.402 

19 

23 

P 

0903+ 169 

0.411 

43 

49 

29 

0957 + 003 

0.907 

31 

23 

P 

1012 + 022 

1.374 

9 

40 

P 

1118+128 

0.685 

22 

30 

30 

1132 + 303 

0.614 

15 

21 

31 

1136-135 

0.554 

16 

30 

31 

1241 + 166 

0.557 

15 

22 

32 

1244 + 324 

0.949 

23 

21 

29 

1253 + 104 

0.824 

25 

24 

30 

1415+172 

0.821 

7 

71 

30 

1423 + 242 

0.649 

22 

26 

P 

1458 + 718 

0.904 

2 

39 

28 

1530+ 137 

0.771 

12 

26 

P 

1628 + 363 

1.254 

16 

22 

1 

1741+279 

0.372 

9 

29 

31 

1828 + 487 

0.691 

3 

58 

28 

2112+172 

0.878 

7 

60 

30 

2140+102 

1.280 

12 

22 

1 

2305+187 

0.313 

7 

95 

18 


p = Present work, (Kapahi, in preparation). 


^47% for z>2, but the number of sources involved is 
too small to allow one to decide if this is significant. 
Although some previous studies^’did not also find a 
correlation between j8 and i up to redshifts of about 2, 
these did not exclude the core-dominated quasars, as 
was done by BM and in the present work. It appears 
then that bending does not depend strongly on z even if 
only the lobe-dominated objects are considered. It 
should also be noted that the slightly different 
definition of ^ used by BM compared to the present 
and previous studies should also have little effect on 
this conclusion, because, as already pointed out, several 
quasars at both low and high redshifts would acquire 
higher values of p if measured from the source 
‘extremities’. 

The absence of any significant epoch-dependent 
bending is in contrast to the behaviour of another well- 
studied aspect of the radio structure, viz. the maximum 
linear size of the radio source estimated from the 
separation of hotspots in opposite lobes. Linear sizes 
are known to decrease rapidly with increasing redshift 
for both quasars'*’ and radio galaxies This evolution 
in linear sizes has generally been attributed to 
increasing density of the intergalactic medium and the 
shrinking size of the interface between galactic haloes 
and the intergalactic medium through which the radio 
jets have to propagate outwards^The lack of any 
strong epoch dependence for quasar alignments repor¬ 
ted above and the similar conclusion in the case of 
radio galaxies^^ suggest that, even though the density 
enhancements (with either a uniform or a clumpy 
distribution) may be quite effective in slowing down the 
passage of the advancing hotspots, they are unlikely to 
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be more effective in deflecting the radio jets. It is 
possible, as discussed in the next section, that a 
majority of the observed misalignments originate close 
to the central engine, well within the passage of the jets 
through the interstellar medium of the host galaxies. 

What causes the bending? 

Several physical causes have been suggested to explain 
the misaligned structures. These include motion of the 
quasar in a cluster of galaxies^changes in the 
direction of the rotation axis of the central engine^®, 
and deflection of radio beams by interaction with 
interstellar or intergalactic gas clouds'^’It is possible 
that some of these are responsible for the distortions in 
different sources. An examination of the radio maps 
shows that a majority of the structures appear to be 
consistent with the bends occurring close to the core; 
only a minority show signs of bends in jets on the scale 
of tens of kpc. It is therefore also possible that much of 
the observed bending is only apparent^-smaller true 
misalignments (of up to 10 to 15°) between the pc- and 
kpc-scale jets, either intrinsic to the ejection mechanism 
or resulting from one of the causes mentioned above, 
may be appearing magnified due to the small angles 
between the jet axes and our lines of sight. This would 
also explain, in a natural way, the observed correlation 
between bending and dominance of the radio core^’^°’^^ 
as well as the inverse correlation between bending and 
projected linear sizes^’^’^®’^^ Relativistic beaming 
effects in the approaching jet would then be responsible 
for the core dominance and the geometrical fore¬ 
shortening would make the bent sources appear 
smaller. 

It can be argued'*’, however, that projection effects 
should be unimportant in the present study as the 
quasars considered here were chosen to have steep 
spectral indices (hence relatively weak radio cores of flat 
spectrum) that should discriminate against strong 
Doppler boosting and small viewing angles. It is worth 
noting, nevertheless, that in the ‘unified scheme’ for 
quasars (ref. 22) the apparent dominance of the core 
depends on several parameters, such as the Lorentz 
factor in the nuclear jets (T), the ratio of core to 
extended flux density when viewed normal to the jet 
axis (Ri), and the relative spectral indices of the core 
and lobe emission. Although, for viewing angles small 
enough to cause a significant magnification of the 
intrinsic bend angle (viewing angles smaller than ^^20° 
are necessary to make a true bend of 10° appear as 
j8>30°), typical values of these parameters should in 
most cases cause a quasar to have a dominant core 
(and an overall spectral index a <0.6), it is possible that 
because of the likely spread in the values of the above- 
mentioned parameters, some sources can be viewed at 
sufficiently small angles to appear highly misaligned, 
without the cores becoming dominant. Some evidence 
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in support of this possibility is provided by the 
observation that misaligned structures are much more 
common among core-dominated quasars. In the 
compilation of extended quasars® with a >0.5 between 
0.4 GHz and 5 GHz, from which the present sample of 
z< 1.5 quasars was drawn, there are 23 objects with a 
well-rdetermined bending angle, but were not included 
in Figure 2 only because of a high-frequency spectral 
index As many as 13 (57%) of these 

strong-core sources have ^>20"". The fraction of such 
sources appears to be even higher (14 out of 23, i.e. 
61%) among the strongly core-dominated sources 
selected by flux at 5 GHz, that have been found from 
very-high-dynamic-range mapping to have extended 
structure on both sides of the core^^. The corresponding 
fraction of bent sources in the lobe-dominated quasars 
at z < 2 studied here is only 20%. 

A potentially serious problem with invoking projec¬ 
tion effects is the very low probability of small viewing 
angles. In a randomly oriented sample, only 6% of the 
sources would be viewed within 20° of their axes, not 
enough to explain the distribution of p if the intrinsic 
bends are only of the order of 10°. Two different factor^ 
can, however, lead to an increase in the probability. 
First, the presence of true bends increases the range of 
angles somewhat because close alignment with either of 
the two jet directions can now result in amplification. 
Second, and more importantly, the jet axes may not be 
randomly oriented even in samples of steep-spectrum 
radio quasars. It has been pointed out^'*’’^^ that 
optically magnitude-limited samples of radio quasars 
are likely to be biased towards small viewing angles 
because of the aspect dependence of the optical 
continuum radiation. This bias may well be important 
to the quasars investigated here because most of them 
come from such samples. 

It has also been suggested recently^^ that all quasars 
(whether lobe-dominated or core-dominated) are in¬ 
clined at small angles (;^45°) to the line of sight; those 
close to the plane of the sky have their active nuclei and 
broad line region hidden from our view by an 
obscuring torus and get classified as radio galaxies. This 
unification of quasars and radio galaxies is consistent 
with a variety of observations^^’^^ although some 
problems remain to be sorted out^^’^*^. It is interesting 
to note in this connection that a comparison of the 
present quasar sample with a sample of 3CR radio 
galaxies up to z=1.8 shows galaxies to have 
significantly less bent structures, with no galaxy having 
a bend angle in excess of about 20°. This is consistent 
with the idea that radio galaxies and quasars differ only 
with regard to orientation and that projection effects 
make quasars appear more bent. Alternatively, galaxies 
and quasars must either have intrinsically different 
ejection mechanisms, or the jets must encounter 
intrinsically different environments. 
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High-altitude Venus ionosphere 

R. N. Singh* and Hari Om Upadhyay 

Department of Applied Physics, Banaras Hindu University, 

Varanasi 221005, India 
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Lindau, FRG 

Electron density and electron temperature measured 
by electron temperature probe (OETP) and magentic 
field measured by magnetometer (OMAG) have been 
analysed to show occasional lifting of the Venus 
ionosphere. The lifting up of the Venus ionosphere has 
been interpreted in terms of solar wind velocity and 
particle flux decrease caused by certain transient features 
associated with solar wind generation and emission. 

In situ measurements of electron density during a typical 
orbit of Pioneer Venus Orhiter (PVO) have provided 
distributions of electron density and electron temperature 
extending up to high altitudes. A theoretical electron density 
profile consistent with the solar zenith angle and solar 
activity index of such a measurement has been computed. 
The vertical plasma transport velocity gradient responsible 
for bringing the compatibility of measured and theoretically 
computed electron density profiles has been obtained. The 
simultaneously measured magnetic field distribution and 
solar wind dynamic pressure variation suggest that the 
measurements during this typical orbit are associated with 
some unusual solar coronal events. 

As a result of continuous probing of the Venus ionosphere 
and magnetosphere by PVO since December 1978, Venus 
has become the second best studied planet. Various 
measurements have revealed many new features of the 
ionopause, ionosphere and magnetosphere of Venus. The 
newly created ions in the subsolar extended Venus 
atmosphere, created by photoionization and charge exchange 
interactions with solar wind protons, are picked up by the 
solar wind magnetic field and undergo gyrations. These 
ions result in mass loading of the solar wind and piling up 
of the magnetic field in the solar wind as it approaches 
the ionopause region. This process increases the solar wind 
dynamic pressure and affects the magnetic field distribution 
in the ionopause region and pushes the ionopause to further 
lower altitudes’"^. The ionopause physically separates the ^ 
two distinct types of plasma, namely the hot magnetosheath 
above and the cold ionosphere below. The steady-state 
position of the ionopause in response to the solar wind 
dynamic pressure is associated with the gradual downward 
transport of the plasma. The steady-state electron density 
below the ionopause is invariably redistributed as a 
consequence of solar wind-induced plasma transport 
processes. Whenever the solar wind dynamic pressure is 
laige, the ionopause is formed at lower altitudes and larger 
transport velocity gradients are required for steady-state 
plasma distributions. However, plasma transport at higher 
ionospheric altitudes is inhibited by other interfering 


processes that are not yet precisely known. In this paper 
we attempt to derive the plasma transport features from 
PVO measurements at higher altitudes in the Venus 
ionosphere. This is accomplished by analysing data from 
one of the rare-type PVO orbits, during which the ionopause 
was formed at an altitude of 2800 km. The plasma transport 
velocity gradient profile has been computed by a reiteration 
program which seeks compatibility between a theoretically 
computed electron density profile and the measured electron 
density profile for PVO orbit 422. The plasma transport 
velocity gradient is found to be much smaller at higher 
altitudes. Since a theoretical estimate of transport velocity 
is much more involved, we have not estimated its magnitude 
at each altitude. 

The variation of data points for subsolar electron density 
and the electron temperature profile for 36 PVO orbits 
around orbit 422 are shown in Figure 1. The electron 
density data points bounded by the solid lines show varying 
features of the electron density variations with altitude. 
The solid lines marked L show the nature of low-altitude 
ionopause formation around 300 km with a maximum 
span of fast electron density variations. For ionopause 
formation at higher altitudes the electron density profile 
shows at comparatively smaller electron density at lower 
altitudes. This trend of electron density variation becomes 
steeper at low altitudes and is associated with ionopause 
formation at higher altitude as denoted by U in Figure 1. 
The electron temperature corresponding to these orbits 
shows higher temperature with a comparatively less steep 
rise with increasing altitudes. 

The solar wind magnetic field manifestations during 
the sequence of orbits 418-424 are shown in Figure 2. 
The magnetic field data for orbit 422 distinctly show the 
existence of very low magnetic fields extending up to 
very high ionopause altitudes'^. The gradual increase of 
magnetic field prior to orbit 422 and afterwards is typical 
of this sequence of orbits. The electron density profile for 
PVO orbit 422 is shown in Figure 3. It is clearly seen that 
the ionopause for this orbit occurs at the unprecedented 
altitude of 2800 km. The electron density at 150 km altitude 
is approximately 3 x 10^ cm"^ and decreases steadily 
with increasing altitude. The electron density profile seems 
to be a combination of at least two types of slopes as 
shown by the upper and lower dotted lines in Figure 3. 
The electron density for this orbit is seen to be consistently 
higher compared to the VIRA model electron density^. In 
the altitude range 140-200 km, the measured electron 
density is slightly higher than the VIRA model electron 
density. In the altitude range 140-400 km, the difference 
between measured and model electron densities is found 
to increase, whereas above 400 km the model electron 
density gets closer to the measured density with altitude, 
exceeding the latter above 800 km. 

In order to compare the measured electron density profile 
up to 2800 km with the theoretically computed electron 
density profile, we have obtained the steady-state electron 
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Figure 1. Electron density and electron temperature variations with altitude for 36 PVO subsolar orbits. 


density profile produced by the photoionization and ion- 
kinetic processes. The appropriate neutral gas density profiles 
and ion-kinetic processes for the lower Venus atmosphere 
have been used^. Similar data for higher altitudes, though 
meagre, have been carefully chosen and used in this study. 
The electron-ion pair production rate generated by solar 
EUV for Venus as a function of altitude h and zenith 
angle x has been computed using the well-known 
photoionization equation 

< 7 „ (h,x) = Qi) \llSk)ol (;\.)exp[-x(X, /im, (1) 
where 

T(/z, %) = Z (/ 2 )m)sec x (2) 

and 

KT 

H=- is the scale height. 

mg 

The appropriate Venus neutral exospheric density profiles 
n^{hy'^ and /^, the EUV solar flux^, have been chosen. 
The aS and crj, in are appropriate absorption and ionization 
cross-sections^"'^' used in this computation. Taking various 
ion-kinetic equations and their appropriate reaction rates’^ 
with their temperature dependences, we have used the 
standard reiteration technique to compute the resulting 
electron density profile up to 3000 km (Figure 3). We find 
that the theoretically computed electron density profile at 
lower altitudes compares well with the measured OETP 
electron density profile as well as with the VIRA model 
electron density profile. The major difference between the 
theoretically computed electron density profile and the 
measured profile is seen at higher altitudes, where plasma 
transport, though small in magnitude, plays an important 
role. 

We have used the steady-state continuity equation and 
have obtained the vertical component of plasma transport 
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velocity gradient by seeking the compatibility of theoretically 
computed and measured electron density profiles at each 
altitude up to 2800 km. The profile dw/dz of obtained by 
this process is also shown in Figure 3. We find that the 
variation of downward and upward transport velocities is 
responsible for the smooth variation of the measured electron 
density profile of orbit 422. The downward transport velocity 
gradient above 1500 km is found to be much smaller. At 
lower altitudes the transport velocity gradient is found to 
be directed upwards and is comparatively more dominant. 
It seems that during low solar wind dynamic pressure, the 
lower region of the Venus ionosphere is transported upwards 
and the plasma at higher altitudes is transported downwards 
for establishment of a steady-state monotonic variation of 
measured electron density profile. 

The sequence of PVO orbits around orbit 422 is unique 
in many respects. The orbits are characterized by the large 
occurrence of electron density and the magnetic field 
variations in the subsolar region. Such variations in electron 
density and magnetic field are not caused by mass-loading 
of the solar wind alone. The cause-and-effect analysis 
calls for an additional source producing such changes in 
electron density and associated magnetic field. Therefore, 
^ in addition to solar wind velocity variations, we also looked 
for its likely correlation with solar coronal transients. We 
found striking correlation with an interesting sequence of 
solar coronal events. During this period, the Big Bear 
Solar Observatory recorded three coronal holes (Table 1). 
The three coronal holes show fairly large southern extents. 
The coronal holes are characteristic of the peak of the 
solar maximum period and are known to be associated 
with high-speed solar wind‘d In the vicinity of large coronal 
holes on either side of its centre, the magnetic field 
configuration is known to change drastically and is associated 
wifii low-speed solar wind*"^. Solar wind measurements by 
Pioneer 12 showed a significant decrease in the bulk speed 
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Figure i Total magnetic field variations during a sequence of PVO orbits including orbit 422 for which ionopause is formed at 
2800 km; (a) orbits 417, 418, 420, 421, 422, (*) orbits 422, 423, 424, 425. 
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dw/dz (sec^) 



Figure 3. Computed and measured electron density profiles for PVO 
orbit 422 and their comparison with VIRA model electron density profile. 
Computed vertical velocity gradient profile for PVO orbit 422 is also 
shown. 
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Table 1.- Coronal holes (GSD 1980). 


Extent 


Corresponding 


Date 

North South 


PVO orbit 

26 

Jan. 1980 

-h48° to -5° 

-140°to+ 135° 

417 

31 

Jan. 1980 

+33° to +38° 

-168° to+164° 

422 

2 

Feb. 1980 

+51° to +38° 
+21° to -43° 

-143° to 160° 

424 


and proton flux on either side of the coronal holes. 
Considering the reported extent of these coronal holes and 
spiral motion of the solar wind, we find that the relaxation 
time of coronal transient is in conformity with several 
orbit duration of PVO at 0.7 AU as revealed by magnetic 
field variations shown in Figure 2, a and b. The continous 
recording of solar wind velocity and proton flux also depict 
variations that may be caused by the presence of a coronal 
transient. We conjecture that this rare event was manifested 
by the coronal transient region lying in between the coronal 
holes which propagated and produced these unique variations 
in the measured electron density, magnetic field and 
inferred plasma transport velocity gradient during orbit 
422 or PVO. This interpretation is of course 
speculative at present and implies that such coronal 
transients can originate in the region between coronal 
holes. 
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Differential pulse polarographic study 
of metal ion-tetracycline binding 
characteristics 

Sunil Sabharwal 
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The complexation tendencies of the antibiotic tetracycline 
with the metal ions which neutralize its antibacterial 
effect have been studied in acidic and neutral aqueous 
solutions using differential pulse polarography. The 
results indicate that calcium(II) and magnesium(II) ions 
do not bind to ring A of tetracycline while aluminium(III) 
and iron(III) interact with a ring A at pH 4 as well as 
pH 7. 

It has long been known that metal ions like Mg^^, 
and neutralize the antibacterial effect of 
tetracyclines on bacterial cultures*’^. Many techniques 
including spectrophotometry^’"^ NMR^, PMR^’\ 
potentiometric titrations^ and circular dichroism^’have 
been used to determine binding sites of tetracyclines with 
complexing ions but there is in general disagreement as to 
the specific site(s) of binding. However, it is clear that 
ring A plays a crucial part in complexation phenomenon. 
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On the basis of circular dichroism studies many workers 
have concluded that the BCD moiety binds at pH 5 and 
ring A binds at physiological pH only ^ 

Tetracycline (Tc) shows specific peaks in differential 
pulse polarography because of 4-dimethylamino function 
and keto group at position 1 in the ring which is 

also believed to be involved in the complexation. Thus, 
differential pulse polarography (DPP) can provide useful 
information about binding of ring A with metal ions. This 
study was aimed to see (i) the effect of addition of various 
metal ions on the two DPP peaks of Tc to get information 
about the binding site(s) in ring A and (ii) the effect of pH 
on the binding of metal ions to Tc. The DPP behaviour of 
TcHCL in presence of metal ions like Ca^"^, Al'^'^ 

and Fe^^ were examined at pH 4 and pH 7. 

Tetracycline hydrochloride sample was the purest 
available from Sigma Chemicals and used as received. 
All other reagents were of Analer grade and solutions 
were made in triple distilled water. Acetate buffer was 
used to maintain pH 4 and phosphate buffer for pH 7. 
Solutions were deoxygenated by purging argon for 15 min 
and polarograms recorded using a Tacussel PRG-5 pulse 
polarograph operating in a differential pulse mode with a 
pulse amplitude of 50 mV and scan rate of 2 mV/sec. The 
working electrode was a dropping mercury electrode with 
a 1-sec drop time which was controlled by a mechanical 
knocker, saturated calomel electrode was used as reference 
electrode and Pt-wire as auxiliary electrode. The capillary 
used had the following characteristics: in 0.1 M KCl at an 
open circuit the mercury flow was 0.8 mg/sec and natural 
droptime about 4 sec at h (uncorr) = 70 cm. 

The structure of tetracycline is 



Differential pulse polarogram of TcHCl (Figure 1, a) 
shows two major peaks, which are further subdivided, in 
the pH range 4-“6. The first wave(s) has been attributed to 
reduction of 4-dimethylamino group resulting in deamination 
and the second to the reduction of keto group at C-l in the 
ring The results of addition of various cations on 

the DPP peak currents at pH 4 and pH 7 are shown in 
Figure 2. The DP polarogram of TcHCl remains unchanged 
with addition of even equimolar concentrations of Ca^'*' 
and Mg^"" ions both at pH 4 and pH 7. This indicates that 
Ca^^ and Mg^^ do not bind to ring A of the TcHCl molecule 
at pH 4 as well as pH 7. This agrees well with the conclusion 
of Dolusio and Martin on the basis of spectrophotometric 
data that 11,12-p diketone in the BCD moiety is the binding 
site for Ca ions. 

The effect of addition of AP^ to TcHCl at pH 4 was to 
markedly decrease the peak currents in the dp polarogram 
as shown in Figure 1. Jochsberger et al}^ have also reported 

CURRENT SCIENCE VOL. 59, NO. 11, 10 JUNE 1990 



Figure 1. Effect of Al-’* on the tetracycline hydrochloride polarogram 
(2x10''* M) at pH 4 in acetate buffer (a) TcHCl alone (/!») TcHCl+ 
5x10-^ M AP (c) TcHCl + IxlO-'’ M AT^ and {d) TcHCl +2x10'-''M 
AF*. 


the sharp decrease in the peak current of TcHCl at -1.35 
V with the addition of AP"^. At pH 7, the addition of Al"*^ 
resulted in the decrease of both the peaks but the decrease 
was less pronounced than that at pH 4. As can be seen 
from the results, both at pH 4 and pH 7, the peak due to 
the reduction of C-l keto group decreases much more 
than that due to the 4-dimethylamino function indicating 
that the Al-^'" interaction with the C-l keto group is stronger 
than with the 4-dimethylamino group in ring A. That A- 
ring complexation does not involve the 4-dimethylamino 
function, but rather the carboxamido group and 1- or 3- 
enol has also been suggested by several other workers'^* 
The larger decrease in the peak currents at pH 4 than at 
pH 7 imply that the complexation of with the ring A 
is more at acidic pH than at neutral pH. 

For Fe^^ it was not possible to determine the interaction 
in the region -1.35 V due to the reduction of cation itself, 
thus the peak due to 4-dimethylamino function only was 
studied. The results again indicate interaction of Fe^^ with 
ring A of the molecule at pH 4 and pH 7. Hence, these 
results are not in agreement with the circular dichroism 
studies conclusion that ring A binds at physiological pH 
only^"^^ This difference may be due to the different 
conformations of tetracycline in acidic and neutral 
solutions^'^. At neutral pH, C,20H and C^NMe^ groups in 
ring A are collinear and can easily get twisted upon binding 
with metal ions, resulting in conformational changes which 
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Figure 2. Effect of metal ions on the dpp peak currents of tetracycline 
hydrochloride at pH 4 (acetate buffer) and at pH 7 (phosphate buffer). 


are reflected in circular dichroism spectra. In acidic solutions 
the ring A is already twisted and binding with metal ion 
may not result in conformational changes and thus no 
change in the circular dichroism spectra. 

In summary, the DPP study results indicate that (i) Ca 
and Mg ions do not bind to ring A of Tc molecule, (ii) 
Al"^^ and Fe'*'" interact with ring A both at pH 4 as well as 
at pH 7, and (iii) for the binding seems stronger at 
C-1 keto group in ring A. 


1. Jacob, F. and Mond, J.,/. Mo/. 5/0/., 1961,3,318. 

2. Gale, E. F. and Folkes, J. P., Biochem. 7., 1953, 53,493. 

3. Conover, L. H., Special publication No. 5, The Chemical Soc¬ 
iety, London, 1956, pp. 4S-81. 

4. Baker, Jr. W. A. and Brown, P. M., J. Am. Chem. Soc.y 1966, 88, 
1314. 

5- Gulbis, J. and Everett Jr., G. W., J. Am. Chem. Soc., 1975, 97,6248. 

6. Gulbis, J. and Everett Jr., G. W., Tetrahedron, 1976,32,913. 

7. Williamson, D. E. and Everett Jr., G. W., J. Am. Chem. Sac., 1975, 
97,2397. 

8. Albert, A. and Rees, C. W., Nature, 1956,177,433. 

9. Mitscher, L. A., Bonacci, A. C., Slaier-Eng, B., Hacker, A. K. and 
Sokoloski, T. D., Antimicroh, Agts. Chemother., 1970,1, Ill, 

10. Sompolinsky, D. and Samoga, D.,y. Bacterial., 1972,110,468. 

11. Mitscher, L. A., The Chemistry of Tetracycline Antibiotics, Marcel 
Dekker, New York, 1978, p. 102. 

12. Smyth, M.R. and Smyth, W.F.,A/io/ysr, 1978,103,529. 


13. Moore, Douglas, E., Fellow, Maria, P. and Butt, Christopher D., Int. 
J. Pharm., 1983,14, 133. 

14. Dolusio, J. T. and Martin, A. N.,./. Med. Chem., 1963, 6, 16. 

15. Jochsberger, T., Cutie, A. and Mills, J., J. Pharm. Sci., 1979, 68, 
1061. 

16. Collaizzi, J. L., Knevel, A. M. and Martin, A. N., Pharm. Sci., 
1965,54, 1425. 

17. Mitscher, L. A., Bonacci, A. C. and Sokoloski, T. D., Tetrahedron 
Lett., 1968,5361. 

4 August 1989; revised 26 December 1989 


Cretaceous/Tertiary boundary, iridium 
anomaly and foraminifer breaks in the 
Um Sohryngkew river section, 
Meghalaya 
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The Langpar Formation of the Mawsmai type area in 
the Cherra plateau of Meghalaya contains a single 
foraminifer assemblage and diversity peak. Characteristic 
elements in the assemblage suggest a precise correlation 
between the type area and typical section of the 
formation in Um Sohryngkew river. The correlation 
brings out that: (i) the formation is restricted to the 
Palaeocene, and (ii) the underlying Mahadeo Formation 
in the Um Sohryngkew river section, referable mainly to 
the Cretaceous, is missing in the Cherra plateau due to a 
hiatus. Investigations on the microfaunal change close to 
the Cretaceous/Tertiary (K/T) iridium layer suggest 
existence of dwarfed and bored Cretaceous planktonic 
foraminifera in the Zone PO above this layer. The K/T 
planktonic extinctions in Meghalaya are not instantaneous. 
A leading role in their extinction was probably played by 
predator gastropod larvae. 

The Cretaceous/Tertiary (K/l") boundary and foraminifer 
taxonomy of 121 species from 73 samples of Mahadeo- 
Langpar-Therria Formations, exposed in the Um 
Sohryngkew river section were published about a 
decade ago^’^. The observed species distribution in the 
stratigraphic column is sufficient to construct a 
foraminifer diversity log of the Mahadeo-Langpar- 
Basal-Therria column (Figure 1). Such a log demonstrates 
that: (i) there are three Cretaceous-Palaeocene trans¬ 
gressions in the sequence with distinct peaks of 
foraminifer diversity, and (ii) a strong change occurs in 
Marine Transgression I at the K/T boundary. Investiga¬ 
tions on the K/T change were also discussed^. A field 
trip was organized to show the K/T iridium layer to 
Acharya and Sen, who co-author a note"*^. Their note is 
based on: (i) an obscure illustration of a keelless 
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Globotruncana gagnehini Tilev (now regarded^’ ^ as a 
junior synonym of G. aegyptica Nakaddy) measuring 
half the size of this heavily keeled form, (ii) a mere 
^ assumption of continuity of planktonic fauna across the 

K/T boundary established by Pandey^ without detailed 
sample examination close to the K/T iridium level. 
Unfortunately, I did not receive any communication 
containing their biostratigraphic data. This paper 


attempts to establish, first, the exact homotaxis between 
the Langpar Formation of type area around Mawsmai 
and that of the Urn Sohryngkew river section, and 
second, discontinuity of the Cretaceous planktonic 
foraminifera within a metre and a half of the K/T 
iridium layer. 

The Langpar Formation has its type section in the 
Mawsmai area of the Cherra plateauL One of the best 
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Figure 1. Faunal attributes and correlation of Late Cretaceous-Palaeocene litho units in Um Sohryngkew river section and Cherra 
Plateau. 
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marine sections of the formation is located in a road¬ 
cutting at Mawsmai, at the 5 km mark on the 
Mawsmai-Shella road. Here, the formation contains a 
single benthic foraminifer diversity peak (Figure \,a) 
preceded and succeeded respectively by barren non¬ 
marine sediments of the underlying Um Sohryngkew 
Formation ( = senior synonym of Sohbar Formation”^) 
and the overlying Cherra Formation. In the formation, 
the basal and the upper beds contain only arenaceous 
foraminifera whereas the calcareous types abound in 
the middle (Figure 1, a). Obviously the event reflects a 
single transgressive episode with only one diversity 
peak. This peak is easily correlated with one of the 
three transgressive peaks in the Um Sohryngkew river 
section since the entombed fauna of the thin Langpar 
Formation of Mawsmai area is quite diagnostic in age. 
Many recorded forms of the section (Figure 1 and 
Figure 2, a,b,d) are common to Transgressions I and II 
of the Um Sohryngkew river. However, due to the 
absence of typical benthics of Transgression I in the 
assemblage and the presence of forms restricted to 
Transgression II, e.g. Lenticulina toddae (Figure 2,c) the 
homotaxis of the type Langpar transgressions with 
Transgression II of the Um Sohryngkew is irrefutable 
(Figure \,a). Again, since the Langpar transgression in 
the type area of Mawsmai corresponds only to the 
duration of Transgression II in the Um Sohryngkew 
river section, the Mahadeo Formation, containing 
uncoiled ammonite (Figure l,d) and associated with 
Transgression I, is a hiatus in the Mawsmai area. With 
this correlation, it is not reasonable to refer the shales 
of Transgression I or the Mahadeo Transgression to 
the Langpar Formation'^’Lahiri et al also ‘assume’ 
wrongly that the non-glauconitic Um Sohryngkew 
ledge (Figure 1, b) corresponds to the glauconitic 
Mahadeo Formation. 

Changes in the planktonic assemblage just at the 
K/T boundary are well known. These include the 
disappearance of Cretaceous keeled and globigerine 
forms, leaving a suite of Guembelitria cretacea in zone 
PO (refs. 8,9). Later Tertiary planktonics, including 
Chiloguembelina, subbotinid Globigerina and Turborotalia 
eugubina (= T, longiapertura Blow) appear in zone Pa 
(ref. 10) (==P1 [ref. 3]). It has been possible^ to illustrate 
a diverse PO assemblage as also T. eugubina and 
subbotinid Globigerina from sample J85-32, merely 
150 cm stratigraphically above the K/T iridium layer. 
Thus, extinction of the Cretaceous population and 
initiation of the Tertiary one follow within 150 cm-above 
the K/T iridium layer, as shown in Figure 1, c. (By an 
inadvertent slip, ‘Palaeocene’ was left out of the 
sentence ‘Typical assemblages in the Cretaceous- 
(Palaeocene) include Globotruncana-Globigerina eugubina 
zones’ in ref. 11. Lahiri et al^ are right in pointing out 
the error, although the context is clear to a reader 
looking into original papers^’^.) 
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Details of the K/T transition, microfaunal-palynofloral 
and palaeo-ecological changes of the Um Sohryngkew 
river section are discussed elsewhere by the author and 
his coworkers. The cardinal points of this study are: 

(i) The Cretaceous planktonics are dwarfed and 
heavily bored and were predated upon around 20 cm 
above the K/T iridium layer. The predation led, it is 
believed, to delinquent death without reproduction and 
ultimate extinction by the Volterra modeF. 

(ii) The likely predator was a gastropod larva 
(Figure 3,c). This may be a global manifestation since 
Danian forms of type region also exhibit borings 
similar to those of the Um Sohryngkew river section 
This feature of Zone PO, however, has not received 
critical evaluation by other micropalaeontologists. 

(hi) Emergence of the Tertiary planktonic forms also 
brings about development of a reticulate wall in the 
globigerine forms not seen in their highest Cretaceous 
counterparts. 

Some predated Cretaceous forms from sample J85- 
27, around 20 cm above the K/T iridium layer, are 
illustrated in Figure 3. The main points here are: 

(i) The last chamber in Heterohelix striata is broken 
away, leaving behind a projecting conduit (marked ‘A’ 
in Figure 3, a). Through this the parasite could have 
sucked the protoplasm. In the other form of the same 
species (Figure 3, h), the last two chambers have been 
destroyed by the predator. In either case the specimen 
size is juvenile and small, around 0.2 mm, in contrast to 
0.3-0.4 mm- in the adult. 

(ii) The predation marks are well seen in the other 
Cretaceous planktonics also, e.g. Guembelitria, Rugoglo- 
bigerina, Hedbergella and Globotruncana (Figure 3,d-g). 
All these bored forms are juvenile and onehalf to one- 
third their mature size, when schizogonic or gamogonic 
reproduction sets in. Apparently, death overtook them 
in their juvenile stage, preventing addition of chambers 
to the extent seen in matured and reproductive forms. 

(hi) Attached to the last chamber of Guembelitria, 
(marked ‘A’ in Figure 3,c) is a larval microgastropod. 
This foraminifer-gastropod association has been inferred, 
in view of other similar associations, as predator-prey 
type. Accordingly, gastropod larvae or microgastropods 
have been assigned a major role in the extinction of 
Cretaceous planktonic foraminifera through a predator- 
prey relationship^^. 

In the Um Sohryngkew river section, flooding of 
Guembelitria cretacea plexus, just above the K/T 
iridium layer and below the G. eugubina zone, is in 
exact homotaxis with Gredero Section, where the 
Guembelitria acme zone, between the iridium layer and 
the first G. eugubina, is designated® as PO. In this area, 
absence of non-guembelitrian planktonic foraminifera, 
corresponding to the predator-bored population in the 
Um Sohryngkew river section, gives the apparent 
appearance of a catastrophic extinction' at the K/T 
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Figure 2. Benthic foraminifera of type Langpar and Palaeocene planktonic suite of Um Sohryngkew river section (specimen 
a, from sample M2; h-d from M3; e-h and j from J-SS-Sl, and i from W-27). 
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Heterohelix striata, a, side view; b, lateral .view. 



O'OOS^mm 
Rugoglobigerina sp. 
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Hedbergella sp. 


0-065 mm 

Globotruncana sp. 


Figure 3. Parasitism and predation borings in terminal Cretaceous planktonics (all specimens from sample J85-27). 


boundary. However, the continuance of Cretaceous 
forms nearly 20 cm above the K/T iridium boundary in 
the Um Sohryngkew river section suggests that 
Cretaceous planktonic foraminifera survive the K/T 
iridium layer for ten or more thousand years. This 
compares well with the survival of nannoplankton for 
1000-10,000 years after the iridium evenC. Thus, the 
K/T planktonic foraminifer and nannoplankton extinc¬ 
tions do not support the instantaneous extinction 
concept^*. Further, palynological studies on the Um 


Sohryngkew river section suggest that the wave of K/T 
extinctions, beginning with the elimination of the 
characteristic dinoflagellate genus Dinogymnium, about 
50 ka before the K/T iridium layer hits the land flora 
about 10 ka after the layer when only fernspores make 
up the crop in sample J85-27 (Figure 1, c). Later, it rams 
and finishes the Cretaceous planktonic foraminifera 
after another 10 ka, between samples J85-27 and 28. 
The K/T extinction event is, in essence, not catastrophic, 
but in the group of planktonic foraminifera it has been 
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conceived to be so, due to the absence of planktonics 
other than Guembelitria in the much-condensed Gredero 
and other sections of Zone PO. 

The first appearance of Chiloguembelina morsei and 
Turborotalia eugubina (Figure 2, e, /) is seen in sample 
J85~32, 150 cm above the K/T iridium layer. In this 
sample development of reticulation in the Tertiary 
planktonic tests is also well seen from the very initial 
state (Figure 2, /, g) to typical subbotinid Globigerina 
(Figure 2, /). Similar but large forms prevail (Figure 
2, i) in the higher PI. 

The K/T boundary changes in Meghalaya commence 
from 0.5 m below the K/T layer and continue up to 
1.5 m above the iridium layer. These include not only 
the extinction of the Cretaceous Globotruncana- 
Rugoglobigerina-Hedbergella-Heterohelix assemblage but 
also the appearance and diversification of Tertiary 
planktonics. What, then, is the actual taxonomic status 
of the species referred to G. aegyptica and G. gansseri 
by Lahiri et al from the G. pusilla Zone^? Their 
obscurely illustrated ‘G. gagnebini\ being non-keeled 
and non-rugose, is possibly not a Globotruncana, much 
less G. aegyptica. Neither of their reported species is 
recorded from the Um Sohryngkew river in my 
repeated studies, hence good SEM illustrations of the 
forms with the sample location on the traverse line in 
Figure l,h, are necessary to establish their points 

Note added in proof Erraium to Figure 1, c: Mezsured and true 5 trati- 
graphic thickness reversed. 
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Gamma irradiation and ethyl 
methanesulphonate-induced changes in 
cotton seed oil content 

M. G. Bhat and R. G. Dani 

Division of Crop improvement, Central Institute for Cotton Research, 

P. B. No. 125, Nagpur 440 001, India 

Gamma irradiation and ethyl methanesuiphonate treat¬ 
ment of seeds of two cotton cultivars resulted in over¬ 
all increase in oil content. 

Studies on induced mutations for oil in cotton seed are 
limited’’-. In the present study, mutagenic changes in seed- 
oil content and in seed cotton yield and its components 
were examined. Contemporary cultivars ‘L147’ and ‘Laxmi’ 
belonging to Gossypium hirsutum Linn, were selected. One 
set of seeds wa^ treated with 0, 5, 10, 15, 20, 30 and 
40 kR of gamma rays in 1982 and the other with 0, 0.05, 
OJ, 0.3, 0.6, 1.0 and 1.5% solution of ethyl methane¬ 
suiphonate (EMS) in 1983. The Ml generation of irradiated 
material was sown in the regular season (June-Dee.) of 
1982, while that of EMS-treated material was sown in the 
off-season (Jan.-May) of 1983. M2 and subsequent 
generations of irradiated and EMS-treated plants were grown 
in regular seasons beginning with 1983-84. In the early 
generations, groups of plants were selected and carried 
forward on bulk basis, while in advanced generations single 
plants were selected and single plant/progeny selection 
method was followed for improvement. Twelve normal- 

Table 1. Comparative performance of some high yielding M4 and M5 
progenies for oil content and yield. 

Seed 


Progeny 

Cultivar 

Genera¬ 

tion 

Dose 

cotton 

yield 

(kg/ha) 

Oil 

(%) 

Oil 

index 

(mg) 

Gamma 

P6/20 

Laxmi 

M4 

5kR 

nil 

23.7 

23.49 

P7/21 

Laxmi 

M4 

5kR 

1778 

21.5 

20.15 

P20 

Laxmi 

M4 

5kR 

2241 

21.8 

21.04 

P21 

Laxmi 

M4 

5kR 

1707 

21.7 

19.68 

P54 

L147 

M5 

10 kR 

1651 

22.9 

12.98 

EMS 

P 18/38 

L147 

M4 

0.05% 

2015 

24.0 

19.20 

P 19/38 

L147 

M4 

0.05% 

1737 

23.0 

16.45 

P 20/38 

L147 

M4 

0.05% 

1704 

23.5 

18.14 

P 28/46 

L147 

M4 

1.5% 

1767 

21.6 

15.00 

P38 

L147 

M4 

0.05% 

1733 

23.7 

18.98 

P43 

L147 

M4 

1.5% 

1748 

24.5 

18.60 

P44 

L147 

M4 

1.5% 

2407 

22.8 

14.27 

P70 

L147 

M5 

0.05% 

1900 

22.1 

16.46 

P74 

L147 

M5 

0.1% 

1827 

24.4 

16.96 

P78 

L147 

M5 

0.1% 

1981 

23.0 

14.21 

Control 

Laxmi 

L147 

SRT-1 (Cultivar) 

S. Em 



944 

1285 

1056 

84.48 

19.6 

21.3 

20.1 

0.33 

13.33 

14.85 

13.27 

0.71 
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looking M2 plants from each close/concentration were 
randomly selected and advanced to M3. In M3, a group 
of 20 normal-looking plants with visual improvement in 
yield, earlines and other economic characters were selected 
from each dose/concentration. Selected superior plant/elite 
progenies were advanced from M4 onwards. Overall 114 
M4 and M5 (gamma and EMS) mutant progenies were 
evaluated in 1986 for yield and other economic characters. 
Oil content in 10 g samples of delinted and dried seeds 
from 15 high-yielding M4 and M5 mutant progenies and 
their parents was determined on a Newport NMR analyser. 
Oil index, which is the weight of oil per seed in mg, was 
obtained by multiplying seed index and oil percentage 
and dividing by 10. 

The results showed that 13.15% of the M4 and M5 
progenies were high yielders. Seeds of all these elite 
progenies showed an overall increase in oil percentage 
and oil index over respective parents as also over the 
standard cv. SRT-1 (Table 1). Two high-yielding progenies 
(P 20 of Laxmi at 5 kR gamma and P 18/38 of L147 at 
0.05% EMS) had relatively higher levels of oil. Progeny 
P6/20 of Laxmi at 5 kR gamma had increased levels of 
both oil percentage and oil index (Table 1) which were 
significantly higher than Laxmi. In general, oil index was 
higher in gamma progenies and oil percentage in EMS 
progenies. Thus induced mutations can help in obtaining 
simultaneous improvement of seed yield and oil content 
in cotton. 


1. Narayanan, S. S., Kamalanathan, S., Selvaraj, J. A. and Peter, S. D., 
Madras Agric.J., 1973,60, 1896. 

2. Shroff, V. N., JNKW Res. J., 1976,10,56. 

30 June 1989 


Influence of associative rhizobia on 
yield of chickpea and soybean 

S. K. Kavimandan and Deepali Bajaj 

Division of Microbiology, Indian Agricultural Research Institute, 

New Delhi 110 012, India 

Seed inoculation with pea, soybean, mung and Cicer- 
Rhizobium of two cultivars of chickpea (Pusa 256 and 
261) was adapted to study their associative effects on 
growth and nitrogen assimilation. Nitrogen enrichment 
and increase in grain yield occurred as a result of seed 
bacterization. Similar beneficial effects on yield of non¬ 
nod (T-201) and nod (T-202) isolines of soybean were 
observed due to inoculation with a strain of 
Bradyrhizobium japonicum. The root system of non- 
nodulating isoline was completely free of nodules. 

Among the highly promiscuous tropical legumes, chickpea 
is known to exhibit somewhat more specific requirement 
for the Symbiotic Rhizobium}. Soybean is another legume 
which is susceptible to invasion by specific rhizobia. 


Rhizobia carry the genetic information required for reduction 
of atmospheric nitrogen. Taxonomically diverse group of 
plants are known to derepress these nif genes in rhizobial 
Certain non-nodulating isolines of soybean resist invasion 
by most rhizobia. It is thus clear that elaborate symbiosis 
may not be always necessary to derive benefits of such 
plant—rhizobial associations. Results of two such preliminary 
experiments are described below. Two chickpea cultivars 
Pusa 256 and Pusa 261 were grown in pots. The seeds 
were inoculated with strains of Cicer-rhizohium (F-75) 
Bradyrhizobium japonicum (SB-16), R. leguminosarum 
(2009) and a strain from green gram (Vigna radiata L., 
M-IO). These strains were obtained from the Division of 
Microbiology, Indian Agricultural Research Institute, New 
Delhi. Urea and single superphosphate (N^^ and P^^ kg 
ha“‘) were applied at the time of planting. During kharif 
season non-nodulating and nodulating isolines T 201 and 
T 202 respectively of soybean were inoculated with an 
effective strain of Bradyrhizobium japonicum (SB-16) and 
grown in pots. The non-nodulating isoline received 80 kg 
N and nodulating isoline 20 kg urea-N ha”^ and 60 kg 
P^O^ ha"’ as single superphosphate. Yield data were recorded 
in both the experiments. 

Seed inoculation with Cicer, soybean and pea Rhizobium 
increased number and fresh weight of nodules, grain, dry 
matter and nitrogen content of plants in case of Pusa 256 
(Table 1). Variation in fresh weight of nodules of Pusa 
261 was observed. Plants of this cultivar were infested 
with disease and died hence no further data could be 
recorded. 

Unlike many promiscuous tropical legumes, chickpea 
plants are nodulated by some specific rhizobia. It is, 
therefore, unlikely that heterologous rhizobia used for 
inoculation in this experiment have produced nodules on 
chickpea. Data on average number of nodules per plant 
indicate natural variation among the treatments. Increase 
in fresh weight of nodules over the control in Pusa 256, a 
better nodulating variety than cv. 261, may be ascribed to 
synergistic effect of inoculated rhizobia on native 
rhizobia x plant genome interactions. Nitrogen content 
of plants inoculated with different rhizobia also supports 
such synergistic response. Inoculation with non-invasive 
diazotrophic bacteria, viz. Azospirillum^ and Azotobacter^ 
has been shown to enhance nodulation and yield of legumes. 

To sum up, Cicer and soybean rhizobia increased yield 
and nitrogen content of chickpea, while Rhizobium from 
green gram had favourable effect on grain yield. 

The non-nod isoline of soybean (T-201) supplied with 
urea (80 kg N ha"’) and rhizobial inoculation produced 
more grain yield than uninoculated non-nod 
(80 kg N ha"’) and nodulating (20 kg N ha"’) isolines 
(Table 2). Inoculated nod isoline T 202 (20 kg N ha"’) of 
soybean, however, produced more grain than all other 
treatments. No nodules were observed in non-nod isoline 
(T 201) while the same strain of Rhizobium enhanced 
number of nodules in nodulating isoline. Thus a noct ,/ix^ 
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Table 1. Nodulation, nitrogen content and yield of chickpea as influenced by rhizobia. 


Treatment 

Pusa 261 
nodule 

Nodule 

Pusa 256 
yield (g/pot) 

N content 
(mg/pot) 

Number 

Fresh wt 
(mg/plant) 

Number 

Fresh wt. 

Grain 

Dry matter 

Grain 

Dry matter 

No-inoculation 

12 

293 

22 

338 

4.8 

9.0 

182.7 

69.3 

Cicer-Rhizobium 

10 

222 

43 

503 

8.9 

12.7 

299.5 

120.3 

B. japonicum 

5 

57 

31 

552 

8.3 

12.3 

335.8 

102.5 

R. leguminosarum 

16 

296 

22 

406 

8.2 

12.8 

289.8 

127.3 

Green grzm-Rhizobium 

13 

164 

19 

307 

6.8 

10.3 

250.8 

113.7 

C.D. 0.05 





1.85 

2.21 

67.29 

20.07 

CV% 





23.20 

18.00 

23.00 

17.50 


Average of three replicates. *Average number of nodules per plant. 


Table 2. Biomass production in soybean isolines. 


Treatment 

Grain 

(g/pot) 

Shoot 

Root 

80 kg N ha-' 

Non-nod, uninoculated 

2.1 

15.6 

5.6 

Non-nod, inoculated 

4.1 

13.8 

5.5 

20 kg N ha"' 

Nod-uninoculated 

3.1 

27.0 

6.8 

Nod-inoculated 

4.8 

19.7 

4.8 


Average of three replicates. 


Strain of Bradyrhizobium japonicum unable to invade and 
produce nodules on the non-nod type of soybean was found 
to influence plant growth. Reduction in shoot and root 
weight in nodulating isoline may be ascribed to competition 
between host and Rhizohium for photosynthates. 

Symbiotic association between legumes and Rhizobium 
implies invasion, nodule formation and fixation of 
atmospheric N, however the role played by the latter in 
absence of nodules, in providing N and enhancing yield of 
plants, is not fully understood. Competition and synergistic 
effects amongst strains in mixed cultures of rhizobia, 
Rhizobium and Azotobacter!Azospirillum have been 
observed^’ 

Instances of successes and failures of inoculation with 
strains of Rhizobium occupying between 30 and 75% of 
nodules have been reported^’^ Decrease in content of 
plants — an indicator of possible fixation in Clark-63, 
a non-nodulating isoline of soybean inoculated with strain 
SB 113 of japonicum was observed (Raverkar, personal 
communication). 

In general, most of the native soil rhizobia are ineffective 
and are known to compete with inoculated strain causing 
delay and/or reduction in nodulation^ Beneficial effects 
of seed inoculation with different rhizobia to wheat, where 
no nodules are formed, have also been observed even 
under field conditions^’ 

Favourable effects of heterologous rhizobia on yield of 
chickpea and, that of homologous B. japonicum on non- 
nodulating soybean observed in these experiments, thus 
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point out possibility of beneficial effects of rhizobia on 
leguminous plants in absence of nodulation. 
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Cytoplasmic polyhedrosis virus 
infecting redpalm weevil of coconut 

P. B. Gopinadhan, N. Mohandas and K. P. Vasudevan 
Nair 

Department of Entomology, College of Agriculture, Vellayani 695522 
India 

A highly potent cytoplasmic polyhedrosis virus (CPV) 
has been detected for the first time in Kerala in stages 
of the redpalm weevil, Rhynocophorus ferrugeneus F., 
which infests coconut. It infects all the life stages of the 
pest, including the adult. Infection in the late grub stage 
resulted in malformed adults and suppressed the insect 
population drastically. The midgut of infected insects 
was enlarged and filled with thousands of polyhedral 
inclusion bodies (PIBs) visible under a light microscope. 
Electron microscopic studies revealed characteristics 
surface projections of viral bodies characteristic of CPV. 

Investigation on a disease prevalent among the life stages 
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of the redpalm weevil, Rhynocopkorus ferrugeneus F. in 
Trivandrum district (Kerala), led to the detection of a 
cytoplasmic polyhedrosis virus (CPV). 

The diseased grubs collected from the field were much 
smaller and yellowish in appearance compared to the white 
transluscent healthy ones. In early stages of the disease 
the grubs showed retarded development, less movement 
and feeding. In due course the head of the infected grubs 
became enlarged and a marked construction appeared at 
the anterior abdominal region. The hindgut was getting 
completely extroverted and the grubs became moribund. 
The cadaver was shrunken, leathery and yellow in 
appearance. The integument was remarkably tough and 
shiny (Figure 1, a-h). 

The last instar grubs inoculated in laboratory resulted 


in the emergence of deformed adults which died in 10 to 
15 days while the normal adults had a life span of 60 to 
118 days. Microscopic examination of the body fluid of 
such adults revealed thousands of polyhedral inclusion 
bodies (PIBs). The infected adults laid very limited number 
of viable eggs, and the young grubs emerging from those 
eggs succumbed to disease and died within a day or two. 
Nelsom* made similar observations in CPV-infected 
lepidopterans. 

On dissection of the diseased specimen the midgut region 
was seen opaque enlarged and milky white in colour and 
the tissues at the two ends were weakened. The midgut 
breaks off at the weakened portion even by very slight 
touch. Wilsom and Ramsoka- also found such a phenomenon 
in variegated cutworms infected by CPV. Smears of the 



Figure 1. CPV-infected R. ferrugineus. u—c'(x 2), Leathery extraverted grubs; e (x l), healthy grubs; /, g (x 1.5), diseased pupae, 
crinckled, malformed wings; h (x 2), healthy pupa. 
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Figure 2. Electron micrographs of polyhedral inclusion bodies (PIBs); cross-section of inclusion bodies and vinons from CPV-diseased K. 
ferrugineus. a, EM of PIBs (x 24000) pitted appearance of virions (arrows) on the inclusion bodies, b, PIBs hexagonal in shape 
(X 28000)'EM of virions (x 78000) (arrows), c. Virions (x 78000); scattered (arrows), d. Virions (x 78000); spherical size and surface 
projections (arrows), e, Cross-section of PIBs (arrows) (x 78000) emptied. /, Virions (x 78000) inside the PIBs, detached viral particles 
(arrows) from the surface of the spherical-shaped virions (x 78000). 


cytoplasmic polyhedrosis virus (Figure 2, a-f). Similar 
characters of PIBs and virions were recorded from 
CPV-infected Spodoptera frugiperda"^ and Anoplonyx 
destructor^ 

Pathogenicity tests of the CPV isolated from the diseased 
grubs on second stage grubs of the host was carried out by 
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feeding fresh slices of coconut petiole dipped in semipurified 
PIBs suspension. The treated grubs were reared individually 
in widemouthed glass bottles provided with untreated 
petioles. The behaviour of the infected grubs and the 
development of disease symptoms in the laboratory were 
similar to those observed in field. The mortality commenced 
from the fourth .day, (with 100% mortality in 10 days) 
while the grubs in control emerged as adults. This is the 
first investigation report on a viral disease (CPV) of redpalm 
weevil recorded. 


1. Nelsom, M. M.,7. Invertebr. Pathol., 1965, 7, 306. 
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Observations on Medico-Botany of 
Andaman-Nicobar Islands. Central 
Council for Research in Ayurveda and 
Siddha, Ministry of Health and Family 
Welfare, New Delhi. 1988. 94 pp. Rs. 58. 

Vegetable drugs play a dominant role in 
Ayurveda and there exist numerous folk 
traditions of local health care in tribal 
as well as other rural areas. Many of 
these local traditional herbal remedies 
need to be revitalized and evaluated in 
the light of indigenous health sciences 
like Ayurveda, Siddha and Unani in 
order to achieve the national goal of 
‘Health for all by 2000 AD’. 

The present publication is the outcome 
of two surveys conducted during 1975-80 
and aims at fulfilling such an objective. 
The book provides an account of the 
herbal potential of the chain of islands, 
along with relevant information on the 
local tribes, their socio-hygenic aspects, 
general vegetation, and as many as 42 
herbal remedies following ethnobotanical 
studies. Of the 306 plant species collected 
from the islands 223 species are reported 
to have medicinal properties and 141 
species are found to be useful in the 
Ayurvedic system of medicine. The 
book also provides useful information 
on 80 Ayurvedic drugs selected out of 
the actual collections made by the 
authors and another 29 on the basis of 
earlier reports. The information includes 


the accepted botanical source, Andaman 
and Nicobar source, therapeutic proper¬ 
ties, important Ayurvedic preparations, 
and the major diseases in which the 
preparations can be used. Twenty black- 
and-white colour photographs of medi¬ 
cinal plants and tribals are provided, 
the production of which could have 
been better. Botanical names in the 
enumeration of Ayurvedic drugs should 
have been in italics or bold face. Illu¬ 
strations of important medicinal plants 
would have added to the utility of the 
book. Considering the enormous biodi¬ 
versity and medico-botanical potential 
of the islands, the study could have been 
much more exhaustive. Although the 
production and get-up of the book is 
satisfactory, the size and price of the 
book may not be liked by all users. 

On the whole, the book is a successful 
venture, useful to workers in the field of 
Ayurveda and various allied disciplines 
on the one hand and ethnobiologists on 
the other. 

R. Raghavendra Rao 
Botanical Survey of India 
Dehra Dun. 


Environmental Analysis: Water, Soil and 
Air. Second edition. M. M. Saxena. 
Agro Botanical Publishers (India). 1990 
186 pp. Rs. 200, US $400 

This is a comprehensive book dealing 


with sampling and analytical techniques 
for a wide array of water, soil and air 
environments. It is a useful manual for 
individuals and laboratories engaged in 
the field of environmental investiga¬ 
tions, including those concerned with 
ecology, pollution, agriculture, fisheries, 
water supply, sanitation, and health and 
hygiene. The book also contains at the 
end appendices containing equivalents, 
conversion factors, national standards, 
etc. 

The book will prove to be still more 
useful if a list of suppliers, with 
addresses, of instruments mentioned in 
the book is also included in the 
appendix. Also it is necessary to include 
simple methods, where available, instead 
of those involving expensive instruments. 
For instance, on page 108, bacterial 
colonies are recommended to be counted 
by a Quebec colony counter. For those 
who cannot afford this counter, manual 
counting is an acceptable procedure. 

The only criticism I have of the book 
is its high cost which would discourage 
individuals from purchasing it. 

T. Ramakrishnan 
Indian Institute of Science 
Bangalore 560 012 
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A weighty matter 

The gyroscope, which is really a top 
when spinning fast, exhibits a most 
peculiar property of pointing to the 
same direction in space, irrespective 
of any movement of the base on 
which it is standing. It has therefore 
found important applications in ter¬ 
restrial navigation and celestial 
navigation. This behaviour, although 
it appears mysterious, is explained 
on the basis of the principle of con¬ 
servation of angular momentum, 
which is an extension of the classical 
law of the conservation of linear 
momentum. Classical physics does 
not allow the generation of a single 
force without a reaction. The weight 
of a gyroscope should therefore be 
independent of its rotational speed 
and whether or not it is spinning; 
nor should it vary whether the spin 
(angular rotation vector) is directed 
upwards (against the direction of the 
earth’s gravitational field) or 
downwards. But this is exactly what 
the experiments of Hayasaka and 
Takeuchi of the Tohoku University 
found (Phys. Rev. Lett., 1989, 63, 
2701). If true the result would over¬ 
turn the foundations of classical 
physics. Indeed one could even 
dream of applying this strange effect 
to space travel. 

The experiment that was per¬ 
formed was extremely simple: a 
plain gyroscope sitting on a pan of a 
laboratory balance with its rotor ver¬ 
tical was reported to exhibit an ap¬ 
parent loss of weight when its spin 
axis was pointing towards the centre 
of the earth and no loss of weight 
when the spin axis was pointing 
away. For a 175-g rotor at 13,000” 
rpm the loss of weight was about 10 
mg, many times the claimed ac¬ 
curacy of the balance (0.3 mg). The 
loss was also proportional to the first 
power of the rotor mass and the an¬ 
gular velocity- All the possible 
precautions to eliminate interfering 
eifects were taken (the enclosure was 
evacuated, the frame of reference in¬ 


verted, magnetic screening, etc.). 

There is no way in which the ob¬ 
servation could be explained within 
the limits of classical mechanics. 
Spin-spin coupling between the 
rotating gyroscope and the earth of 
the type allowed by a variation of 
Einstein’s theory of gravitation could 
be evoked; unfortunately the 
measured effects are too large. The 
theorist may go to town thinking 
even of effects due to neutrinos 
which are chirally asymmetric. 

Publication of the results evoked 
criticism of the refereeing system 
and discussion on what a journal 
should do when the conclusions are 
so much contrary to current beliefs. 
What does the referee do when the 
data appear so good they will nor¬ 
mally be accepted in less controver¬ 
sial fields? The editor of Physical 
Review Letters did (in our view) the 
right thing by just publishing the 
paper. Though this seems all right 
(for the authors, referees and 
editors), according to the editor of 
Nature (1990, 343, 113), it is 

thoroughly unsatisfactory ‘for the 
other interest group vividly engaged 
in the publication process—the 
readers’. We feel that while editors 
and referees must do everything to 
see that no papers with obvious er¬ 
rors are published in their journals 
they should not think that they are 
the final arbiters of what is ultimate¬ 
ly correct in science. (Imagine stub¬ 
born editors/referees not publishing 
the result of the Michelson and Mor- 
ley experiment as it contradicted 
conventional wisdom!). When in 
serious doubt all that editors can do 
is to expose the paper to the scien¬ 
tific public. This will immediately 
provoke new experiments which will 
confirm or contradict the unusual 
result by independent measurements. 

This is what has happened in this 
case. Three groups, from India (C. S. 
Unnikrishnan, page 600), France and 
the US, repeated the experiment and 
obtained a null result: the mass of 


the spinning gyroscope is not de¬ 
pendent on speed or’ sense of rota¬ 
tion. For example, Unnikrishnan 
finds that there is practically no 
anomalous weight reduction. The 
effect is lower by a factor of 60 than 
that claimed earlier and any weight 
change which could depend on the 
magnitude of the spin is constrained 
to 2 parts in a million. 

There have been speculations as 
to where error crept into the 
Japanese experiment (see Nature, 
1990, 343, 509). 


A case of costs 

We in India who also publish jour¬ 
nals are watching from the sidelines 
the drama that is developing in the 
US and elsewhere in the ‘business’ 
of scientific publication. Scientific 
publishing involves big money. A 
reputed publishing company has sued 
three learned societies (page 584) for 
publishing a researched paper which 
indicates that the journals published 
by this company are among the most 
expensive in terms of ratio of cost to 
volume of scientific material publish¬ 
ed and ratio of cost to impact index 
(in terms of citation). Barschall, a 
reputed US physicist, carried out this 
interesting study; he too has been 
sued by the publishing house. We are 
told that any scientist who dares Jo 
write a letter to any journal com¬ 
plaining of the high cost of certain 
journals is apt to receive a com¬ 
munication saying that steps would 
be taken against him/her and also 
against the journal that publishes the 
letter ‘to protect our clients’ 
interests’. We are also told that this 
company has requested the Founda¬ 
tion of Scientific Cooperation in 
England to develop criteria for future 
surveys to assess the relative cost- 
effectiveness of scientific publica¬ 
tions. "Uiere is some suspicion that 
funding for this impartial study may 
come from the same company, al¬ 
though this has been denied. 
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Bamboo beneflts 

The editors deserve the congratulations 
of plant scientists for presenting the 
report of Nadgauda et al. in proper 
perspective and publ’shing the abstract 
of Rao and Rao presented at the 
International Bamboo Workshop held 
in 1988 (see Curr. ScL, 1990, 59, 346). 
Balaram has raised the question, ‘Would 
we (as editors) have recognized the 
importance of the paper and highlighted 
it in our News column?’ He also 
provides the answer ‘probably not’, 
implying that we (editors or plant 
scientists) fail to recognize significant 
findings. None in the plant science 
community recognized the importance 
of the earlier report of Rao and Rao. 

Any new scientific development is of 
greatest interest to those likely to obtain 
maximum benefit from it. Who would 
benefit from in vitro flowering of 
bamboo? Obviously, plant breeders 
engaged in bamboo improvement pro¬ 
grammes. But where are the bamboo 
breeding programmes in India, or, for 
that matter, anywhere else in the world? 
My survey of Plant Breeding Abstracts, 
published by the Commonwealth Agri¬ 
cultural Bureau (CAB International), for 
the last ten years under Bambusa and 
Dendrocalamus could not provide a 
single reference to breeding of bamboos. 
These abstracts cover a wide range of 
plant breeding journals. Flowering is 
not essential for the improvement of 
vegetatively propagated plants like 
bamboo, sugarcane, potato, cassava and 
grapes—some of the important crops 


that are propagated vegetatively, yet 
have been improved by selection. 

We can also examine the possibilities 
for the improvement of bamboos assu¬ 
ming that routine flowering of all stocks 
can be obtained in vitro and hybrid 
seeds can be harvested (following the 
report of Nadgauda et ai) This provides 
two breeding options: (i) exploitation of 
heterosis (hybrid vigour) in the F ^ 
hybrids, as in maize and sorghum, and 
(ii) selection of superior individual 
plants in the F 2 and later generations, 
as practised in crops like wheat and rice. 
Both alternatives would need extensive 
field evaluation of the hybrids/selections. 
There are no alternative technologies 
to replace this long procedure. Norm¬ 
ally, for annual crops it takes about 10- 
12 years for a new cultivar to reach the 
farmer after the appropriate crosses are 
made. The period can be reduced by 
growing two or at times three gener¬ 
ations in a year. Further, positive 
selections are obtained only from a few 
crosses out of hundreds/ thousands 
made each year. For bamboos it would 
take, at least, the full working life of a 
scientist (30-35 years). No private com¬ 
pany would be interested in investing in 
long-term research. In the past, even 
publicly funded agencies have shied 
away from such projects in our country. 
It will also not attract any bright plant 
geneticist. Who is willing to wait that 
long? 

Looking at it pragmatically, it appears 
that there has been an overreaction to 
an important scientific paper at all 
levels. In vitro flowering of bamboo, by 
itself, is an important and a small step 
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towards breeding of better bamboos in 
future, and we should be proud of this 
development. 

C. R. Bhatia 

Bio-Medical Group 

Bhabha Atomic Research Centre 

Bombay 400 085 


I am very much impressed by your 
treatment of ‘bamboo flowers’. I enjoyed 
reading every bit of it and benefitted by 
getting to know a spectrum of views. 

From my own long years of experience 
in industrial research and association 
with academia in India and abroad, I 
feel that our academic researchers are 
not well oriented towards ascertaining 
and protecting the potential commercial 
importance of their discoveries. On the 
other hand, practitioners of the purest 
sciences in the West are in constant 
touch with their industrial counterparts 
and, recognizing the value of their work, 
protect it before they publish. Of course, 
as Mascarenhas points out, NCL is 
quite patent-conscious. However, patent¬ 
ing and protecting a technique of the 
kind that he has published is very tricky 
and I hope that NCL has been properly 
advised. 

K. Nagarajan 

Searle (India) Limited 
25 MIDC Land 
Thane-Belapur Road 
Thane 400 061 
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Journal cost survey sparks row 


A recent issue (May 14, 1990) of The 
Scientist, published by the Institute for 
Scientific Information, Philadelphia, re¬ 
ports that a temporary court injunc¬ 
tion has been obtained by Gordon and 
Breach Science Publishers against the 
distribution in Germany of the Novem¬ 
ber 1989 issue of the Notices of the 
American Mathematical Society. It is 
argued by Gordon and Breach that this 
issue carries an article that is prejudicial 
to their journals. The matter under 
dispute is the following. 

Henry Barschall, a retired professor 
of physics in Wisconsin, USA, published 
in Physics Today (July 1988) an article 
based on a survey that analysed the 
subscription rates of physics journals 


published by various organizations. 
This analysis showed that the subscrip¬ 
tion rates of several journals published 
by Gordon and Breach were higher 
than those of journals published by 
others. Another survey published by 
the American Mathematical Society in 
November 1989 arrived at a similar 
conclusion. 

Gordon and Breach, questioning the 
methodology adopted in the survey, 
sued the publishers of Physics Today 
(the American Institute of Physics), the 
American Physical Society and Barschall 
for publishing such comparative sub¬ 
scription surveys in the courts of 
France, Switzerland and West Germany, 
where the cases are still pending. It also 


sued the American Mathematical Society 
for the same reasons. As a consequence 
of this, the injunction has been given, 
withholding the distribution in West 
Germany of the November 1989 issue 
of Notices. 

In the context of steep increase in 
journal prices and several budgetary 
constraints faced by libraries all over 
the world, surveys of this type, though 
not totally definitive, will certainly help 
libraries review their journal subscription 
lists. However, the methodology of the 
survey is a matter of opinion. 

The controversy has evoked consi¬ 
derable interest among librarians, publi¬ 
shers, scientists and those who study 
such issues. 

A. Ratnakar, Raman Research Institute, 
Bangalore. 
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Fuzzy features promise to dear up quasicrystal structure 

N. K. Mukhopadhyay 


It is more than five years since the 
icosahedral phase was reported in 
rapidly solidified Al-Mn alloys by 
Shechtman et al.^ This phase exhibits 
five-fold symmetry corresponding to the 
icosahedral point group in reciprocal 
space. In the diffraction patterns, unlike 
those of simple crystalline phases, the 
spots are not arranged periodically; 
however, the spots are reasonably sharp 
and their positions are related to one 
another by powers ofT(=(.^5 +1)/2, the 
golden mean^). How can the diffraction 
patterns be explained? There are three 
main classes of models that have been 
proposed to understand such fascinating 
diffraction features. These are (i) crystal¬ 
line models^’(ii) icosahedral-glass 
models^, and (iii) quasicrystalline 
models^. All these models can explain 
the diffraction symmetry of the icosa¬ 
hedral phase but not the intensities of 
the peaks. However, there are some 
subtle features in the diffraction patterns, 
purely from a geometrical point of view, 
that may be important in arriving at the 
correct mo8bI even without going into 


the details of intensity calculation. One 
such feature are the arcs of diffuse 
intensity reported for the first time by 
Mukhopadhyay et aV in Al-Mn alloys; 
the arcs appear in special positions in 
the diffraction pattern and disappear 
after a suitable heat treatment, leaving 
weak and sharp (‘superlattice’) spots in 
those places®. The first report of arcs of 
diffuse intensity and superlattice reflec¬ 
tions generated much excitement on 
both theoretical and experimental fronts. 
It is surprising that so far there have 
been no papers based on the twinning 
of crystallites or on classical crystal¬ 
lography to account for the diffuse 
intensity in icosahedral phases. The 
glass model, based on random packing 
of icosahedral clusters maintaining the 
orientational order, at present can 
predict only the position of the arcs but 
not the superlattice spots^. On the other 
hand, the quasicrystal concept seems to 
have got immediate support, and can be 
extended in a natural way to interpret 
reasonably well the phenomenon of 
diffuse intensity^®. 


Quasicrystals have a periodic structure 
in higher dimensions. In the present 
case, for the icosahedral phase, it has 
been shown that the structure can be 
periodic in six-dimensional space. The 
6D cubic lattices can be projected 
irrationally to generate the quasiperiodic 
structures. As in the case of 3D cubic 
lattices, there are three cubic Bravais 
lattices in 6D, namely simple cubic, 
body-centred cubic and face-centred 
cubic. These structures, after projection, 
can give rise to simple icosahedral (SI), 
body-centred icosahedral (BCI) and face- 
centred icosahedral (FCI) structures 
respectively. So far the diffraction pat¬ 
terns in rapidly solidified Al-Mn alloy 
can be successfully indexed by the SI 
model. But the centre of the arc of 
diffuse intensity cannot be assigned 
integer indices based on the SI modeP. 
The superlattice spots arising from these 
arcs have been indexed following the 
BCI model by doubling the 6D lattice 
parameter of the SI model, as has been 
demonstrated by Mukhopadhyay et al.^ 
This is the situation in reciprocal space. 
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Naturally, there is a real-space structure 
corresponding to the FCI geometry in 
6D space whose reciprocal space is a 
BCI lattice. Clearly, there is an overall 
change in the diffraction patterns with¬ 
out disturbing the intense peaks. This 
indicates some sort of ordering reaction 
on the parent structure. Thus it has 
been proposed that partial ordering or 
short-range ordering leads to the arcs of 
diffuse intensity and perfect or long- 
range ordering gives rise to the super¬ 
lattice spots, which changes the space 
group of the lattice in 6D space. From 
the quasicrystalline framework it is 
obvious that there is a realistic possibi¬ 
lity of a disorder-oi '’cr transformation 
in the icosahedral phase. However, the 
ordering in atomic scale is not yet known; 
first one must know where the atoms 
are in the quasicrystalline model. Work 
is in progress to resolve the issue with 
the help of 6D crystallography. Never¬ 
theless, from geometrical considerations, 
the ordered structure in real space can 


be realized as an FCI-type superstruc¬ 
ture of the SI lattice. One has to wait and 
see whether or not a BCI-type 
superstructure of SI is possible in any 
other alloy system. It is pertinent to 
point out that the diffraction patterns 
from Al-Fe-Cu and related alloy sy¬ 
stems show evidence of FCI ordering of 
the SI structure in real space even 
without annealing^ The long-range- 
ordered quasicrystals are highly stable 
and can be grown to a larger size 
suitable for single-crystal X-ray studies. 
These experiments are expected to yield 
more interesting data which will help to 
understand the structure of quasicry¬ 
stals in the near future. 
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Electronic device screens chemicals for biological activity 


Tara Ramaseshan 

A new device invented at Stanford 
University, called a silicon microphysio- 
meter, now allows routine measurement 
of the metabolic responses of cells to 
physical and chemical stimuli ^ The 
principle that this device taps is that all 
biological, chemical or physical changes 
in the environment of a cell are reflected 
in changes in the concentration and 
flow of molecules within the cell. The 
extensive interconnection among the 
different biochemical processes allows 
the detection of a response that is only 
indirectly associated with the primary 
stimulus. 

Catabolic processes are ideal candi¬ 
dates for the indirect detection of 
responses. The primary catabolic pro¬ 
ducts in mammalian cells, carbon diox¬ 
ide and lactic acid, cause changes in 
acidity in the environment of the cells, 
which therefore reflects the metabolic 


activity of the cells. The silicon micro- 
physiometer, developed by Molecular 
Devices Corp., Menlo Park, California, 
uses light-addressable potentiometer 
sensors (LAPS) to measure changes in 
pH in the culture medium surrounding 
a small number of cells. It consists of a 
microvolume flow chamber in which the 
cells to be tested are immobilized. One 
wall of the chamber is the silicon-based 
LAPS. Apposed to the sensor, 100 nm 
away, is a coverslip with the adherent 
cells. Medium is pumped through the 
channel between the sensor and the 
coverslip. The medium, differing from 
normal growth medium in lacking 
bicarbonate, has reduced buffer capacity 
and thus enhances pH changes. For 
measurement of metabolic rate, flow of 
medium is halted for 30 to 200 seconds. 
Cells acidify the medium in the chamber 
because of production of lactate and 


some carbon dioxide. When flow is 
resumed the pH in the chamber rises 
and then returns to the pH of fresh 
medium. The rate of acidification of 
medium, measured by the microphysio- 
meter, is a measure of the metabolic rate 
of the cells. 

The immense potential of the device 
has been demonstrated in a recent study 
that evaluated the use of this instrument 
for continuous monitoring of receptor- 
mediated changes in the metabolic rates 
of living cells^, demonstrating the 
instrument’s utility in screening new 
therapeutic drugs by measuring cellular 
responses accompanying receptor-ligand 
interactions. The expected qualitative 
effects of various nonspecific toxic 
chemicals on the metabolic rates of 
cultured cells have also been seen in 
experiments that employed the micro- 
physiometer. 
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The responses of the same receptors 
in different cell types and different 
receptors in the same cell type were 
studied. The 

muscarinic acetylcholine receptors, each 
representative of a major neuroreceptor 
class in the sympathetic and parasym¬ 
pathetic nervous systems, were investi¬ 
gated. Both are known to function 
through guanine nucleotide-binding 
proteins (G proteins). The responses 
were demonstrated in three different cell 
types, viz. human keratinocytes, Chinese 
hamster ovary (CHO) cells and murine 
fibroblasts, with receptors that use three 
different second-messenger systems. 


These studies, which used the micro- 
physiometer, showed that an increase in 
cellular metabolic rate is a general 
response of a cell to hormonal stimula¬ 
tion, and that responses are receptor- 
specific. Cells that express transfected 
receptor genes respond only to the 
appropriate hormone or transmitter. 
These studies also document specificity 
of responses using pharmacological 
antagonists^. 

Thus, among its many capabilities, 
the device can be used to: 

(i) measure the metabolic response of 
tumour cells to chemotherapeutic agents, 


and thus be used to screen compounds 
for potential anticancer activity; 

(ii) measure the responses of human 
cells to chemical irritants by in vitro 
toxicological assays, which can serve as 
a replacement for the controversial 
rabbit-eye Draize test of ocular irritancy; 

(iii) trace the effect of virus infection on 
cells as well as the efficiency of antiviral 
agents at inhibiting the infection; and 

(iv) measure direct responses of cells 
following ligand binding to receptor. 


1. Parce, J. W. et al. Science, 1989, 246, 243. 

2. Owicki, J. C. et ai, Proc. NatL Acad. Set 
USA, 1990, 87, 4007. 
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Emerging dilemmas in the management of 
science and technology 

Rajendra K. Bera 


The impact of scientific discoveries and 
technological innovations has always 
been impossible to predict. It is more so 
in today’s climate of fundamental shifts. 
Many of these shifts are related to 
science and technology. For example: 

• Pursuit of science has become expens¬ 
ive. It needs government and hence 
political support for funds. Scientists are 
perforce turning into lobbyists. 

• Modem society’s dependence on science 
and technology is such that the compe¬ 
titive edge of industries today lies not 
just in new but increasingly in innova¬ 
tive technology whose basis is science. 
Naturally, industries have begun to play 
godfather to science and their funds 
carry considerable clout. 

• Technology and, indeed, any form of 
application-oriented knowledge, has 
become an important marketable com¬ 
modity. It has become an important 
component of international trade. 

• Science is no longer pursued by 
gentlemen-of-leisure. It has become a 
profession. Scientists now rarely operate 
as individuals or in small groups. The 
functioning entity is now a large group 
requiring ‘professional management’, 
which means that it focuses on projects 
rather than on knowledge. 

• The new keyword for survival in the 
marketplace is innovation. Frequently it 
means sloughing off yesterday’s techno- 
logy» yesterday’s skills, and those of 
yesterday’s work-forces that are unable 
to adapt with speed. As employment 
security becomes a thing of the past, 
how do we make people see this change 
as an opportunity and not as a threat? 
Unfortunately, innovative work cannot 
be organized and done within existing 
standard management components. It 
needs to be organized separately, with 
different structural principles, and in 
different structural components. 

• Any technological innovation, when it 
comes to the marketplace, is a gamble. 
One cannot do market research for 
something genuinely new or for some¬ 
thing that is not yet in the market. Its 
success depends on advertising, user 
preference, cultural biases, adaptation, 
perceived prestige, etc. It frequently 


requires a supporting cast. For example, 
TV has little meaning outside the 
context of TV programmes; cars outside 
the context of good roads, refineries and 
petrol stations; electric bulbs outside the 
context of power stations and power 
distribution networks; and so on. When 
such context-sensitive support requires 
large resources, governments necessarily 
step in. Innovation must then pay its 
obeisance to politics. 

• New technologies are likely to involve 
big money, big consequences and big 
controversies. There will also be ethical 
concerns (such as those arising from 
genetic engineering) which may have a 
paralysing effect on technology develop¬ 
ment. For example, how do we bring 
new, beneficial, very expensive, but life¬ 
saving technologies to the aid of the 
poor? If some must be denied then what 
is the socially acceptable value system 
on which such denial is to be based? 
This is an area where basic science and 
technology must make ‘common cause’ 
with social sciences, humanism and 
religion. 

• Recent technological strides have 
made people’s expectations soar. They 
cannot be met without large-scale, imper¬ 
sonal automation in industry, home and 
services (specially, in information and 
diagnostic services). 

Few, if any, would contest these 
observations. Indeed, a major shift in 
the technological foundations of the 
economy in several countries is already 
under way. It will surely present tre¬ 
mendous economic, social and political 
problems and produce many conse¬ 
quential dilemmas. Yet economists and 
social scientists barely acknowledge this 
fact, let alone account for it in their 
theories and comments. So it is highly 
unlikely that they will foretell the future. 

On the other hand, since science is no 
longer a marginal activity in nation¬ 
building, scientists, to a large extent, will 
be expected to be accountable. Science 
is unlikely to be measurable even 
though its primary function is quantifi¬ 
cation. But science may, and should, be 
able to tell us what to expect, what to 
anticipate, and how to judge. This is 


important since, in the framing of 
government policies, science and tech¬ 
nology are no longer afterthoughts; they 
are among its essential elements. 

Science, however, has its limitations. 

It alone cannot solve all problems. 
Unless wisdom and sensitivity are 
brought to bear, scientific solutions may 
escalate into ominous political and 
social confrontations. In this light the 
growing nexus between politicians and 
scientists must be viewed with concern. 
There is already a tendency among 
certain scientists to bypass their scientific 
peers and go directly to people who 
have important political access. The 
scientific community must enforce strict 
self-discipline to curb such tendencies 
before the credibility of science as an 
institution is eroded beyond repair. 

There is a keenly felt need for new 
ways of managing growth of science- 
based technologies. The new views must 
bear m mind at least the following: 

(i) the dramatic shift to knowledge- 
based industries requiring knowledge 
workers rather than blue-collar workers, 

(ii) the rapidity of the shift, and (iii) the 
consequent ecological changes. 

Any new management perspective 
must recognize that societies function 
around organizations and institutions, 
and that technologies must nurture the 
country’s developmental priorities. There¬ 
fore, technological innovations must 
match steps with social innovations. 
Technologies can be imported for a 
price but the institutions that must 
support them need cultural roots to 
grow and prosper. This is what makes 
technology transfer to an alien society 
so unreliable. 

A few technology-generated social 
changes are already in evidence. For 
example, social groups are increasingly 
being identified not by their socio¬ 
economic status but by their lifestyles; 
professionals are looking less for 
employment security and more for 
employability security; national power 
and pride is no longer measured in 
military terms but in shares of world 
markets and in technological prowess. 

An important aspect of technology is 
to do something better; its most impor- 
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tant aspect is to do something new. 
Thus innovation is the key — the search 
for and the exploitation of new oppor¬ 
tunities for satisfying human wants and 
human needs. Rapid spread of technology 
will affect social values, perceptions, 
attitudes and demographics (migration, 
education levels, sources of employment, 
etc.). Already, in affluent societies, popu¬ 
lations have become unstable and are 
subject to sudden sharp changes in 
location and lifestyle. Today the world 
must also contend with an ageing 
population in the developed countries 
alongside a tidal wave of young adults 
in the Third World. With dramatic 
increases in international co-operation, 
travel and trade, the impact will be 
global and confusing. The tragedy of 
modern technology is that, while it 
produces material prosperity, it also 
uproots people from their cultures, their 
families and their tribes, and creates in 
them disabling emotional vacuums. 

Science has won for itself certain 
social concessions—freedom from poli¬ 
tics, religion, hierarchy, even national 
boundaries. In technology-dominated 
systems these freedoms percolate and 
traditional hierarchical management is 
unable to resist the percolation. Thus, in 
a growing number of institutions, hori¬ 
zontal ties between peers are replacing 
vertical ties as channels of activity and 
communication. Superiors and subordi¬ 
nates as concepts are in many instances 
being shoved aside. Career paths are no 
longer straightforward or predictable 
but idiosyncratic and confusing. Autho¬ 
rity and power associated with a hier¬ 
archical position can no longer be taken 
for granted since the key to competitive 
success is now centred on the knowledge 
workers. This creates problems of how 
to mobilize and motivate staff since 
everything now seems negotiable by 
everyone. 

Today managers find that they have 
no book to follow, that they cannot 
take a hierarchy-based flow of power 
and authority for granted, that they 
have only-themselves to count on for 
success, that subordinates are encour¬ 
aged to think for themselves, that 
success depends increasingly, indeed 
crucially, on tapping into sources of 
good ideas and good collaborators. 
There is no past history for guidance. 
Industries are becoming leaner and 
flatter. Knowledge indeed now trans¬ 
lates to raw power. Defection of one or 
a few key knowledge workers can bring 
ruin to a company or spawn a powerful 
competitor. Business must continuously 


innovate to stay competitive. 

Any kind of progress requires gradi¬ 
ents. Generally, the more rapid the pro¬ 
gress, steeper the gradient. Thus pre¬ 
conditions of social and economic 
progress are disparities in salaries, 
status, recognition, etc. Progress gene¬ 
rates its own dynamics. For progress to 
be sustainable it must assure that 
gradients do not become too steep, so 
that there is enough time for the fruits 
of progress to percolate down to a 
reasonable degree. However, too rapid 
or too uniform a percolation would 
even out the gradients and progress 
would come to a standstill. To people 
sameness appals and boredom, like 
tyranny, is the precursor to social unrest. 

Rapid growth is bound to create 
islands of prosperity. This can create 
problems of conscience, which can 
easily lead to misplaced altruistic 
concepts of a welfare state. Since the 
price of such concepts is payable in the 
future, the present will be tempted to 
adopt a cavalier attitude. Welfare is best 
met by adequate surplus productivity. 
Otherwise one may easily walk into the 
trap of an uncontrolled, and perhaps 
uncontrollable, inflationary deficit. 

Rapid changes make their manage¬ 
ment impossible because there is no 
time for ethical reflections, to collect 
data, and to evaluate their impact. On 
sociological time-scaies, rapid changes 
are not even quasistationary and there 
is no past experience for guidance 
except that they generally produce 
chaos and collapse. A good deal of 
management practices in the past has 
evolved through time-tested wisdom 
embedded within a culture. That wisdom 
holds even today but people are in too 
much of a hurry to exercise it. Adapting 
oneself to the hectic present has already 
become an exhausting task, so the 
future is often blindly mortgaged. 
Today’s economists and social scientists 
do not even understand the nature of 
the technological forces at work or the 
mental make-up of the knowledge 
worker. So they cannot provide timely 
warnings and advice on what to avoid 
or what to pursue. 

Control of inadvertent ecological 
damages created by technological growth 
will require massive data collection and 
analysis, in itself a major financial 
burden. It furthermore requires a global 
watch system dependent upon co-oper¬ 
ation among nations. Mankind may yet 
be decimated, not because of World War 
III but because of technological 
growth careering out of control. Even 


though predicting the impact of tech¬ 
nology is inherently impossible, its 
monitoring is not. Technology monitor¬ 
ing, often enough, allows us to gain 
experience in the complex way it 
interacts with society and the environ¬ 
ment and hence of its likely future 
impact in the short term. This, in turn, 
permits, in many instances, containment 
of its adverse effects, or at least provides 
an early warning of such effects. 

Conventional means of estimating 
gross national product and other 
standard measures of progress have 
already become inadequate. They merely 
look at increases in output and neglect 
to account for the irreplaceable loss of 
natural resources, pollution costs, and 
other environmental damages (depletion 
of the ozone layer, contamination of 
rivers, oceans and subsoil water, smog, 
acid rain, the greenhouse effect, etc.) 
they cause. It is estimated that paper, 
glass, metal and plastic packaging 
constitute 50% of US garbage by 
volume and 30% by weight, a frightful 
indicator of where the Third World 
might be heading as it industrializes. 
Immediate global steps are needed to 
preserve rain forests, freshwater sources, 
topsoil and a clean atmosphere. Tech¬ 
nology must develop recyclable products, 
specially in packaging. The motto should 
be ‘waste not, want not’ and ‘recycle, 
reuse, repair’. While nature may be 
resilient enough to survive the ecocata¬ 
strophes that we burden it with, it 
might well do so by first wiping out the 
human race! 

The future, however, need not go 
completely out of hand, or the human 
race into oblivion, if considered political 
actions are initiated right away. Pre¬ 
sently there is no political mechanism to 
slough off the old, the outworn, the no 
longer productive, specially in govern¬ 
ment. We need some ‘sunset laws’, not 
just ‘sunrise laws’, an organized process 
of abandonment and replacement of 
laws and institutions that have become 
dysfunctional. We need to encourage 
habits of flexibility, of continuous learn¬ 
ing, and of acceptance of change as 
normal, indeed as opportunities. And 
what better incentives than tax laws 
which encourage moving capital from 
yesterday into tomorrow. 


Rajendra K. Bera is in the Computational 
and Theoretical Fluid Dynamics Division, 
National Aeronautical Laboratory, Banga¬ 
lore 560 017. 
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Diophantme equations 

K Srinivas 

This article gives an introduction, accessible to non-specialists, to the topic of Diophantine 
equations. Mainly, this is the study of solutions of polynomial equations f{x^,...,x„)==0 in whole 
numbers (integers), where the polynomial f has integer coefficients. This is broadened to include the 
study of solutions of one or more such equations in rational numbers (fractions) and algebraic 
numbers. A famous example of a Diophantine problem is given by Fermafs Last Theorem, which is 
the statement that + = has no solutions where x, y, z are positive whole numbers (natural 

numbers), if n is at least 3. This problem is still unsolved. Another well-known equation is 
— Ny^ = 1, where N is at least 2; this equation was studied by Indian mathematicians like 
Brahmagupta and Bhaskara. The article gives some historical background, including the works of 
Fermat, Gauss and others, leading up to a discussion of some current development — the work of 
Faltings, and new ideas related to Fermafs Last Theorem. 


Diophantine equations are polynomial equations with 
integer coefficients, for which we wish to find integer 
solutions. 

For example, consider the equations 

x2 = 23;2, (1) 

x^ = 2y^+\. ( 2 ) 

The first equation has only one integer solution, 
x=y=0, since ^2 is irrational However, the second 
has infinitely many integer solutions (one verifies, with 
a bit of algebra, that if we write (1 in the form 

+ for some integers a„, then x = a„, = is a 
solution of equation (2); for example, if n=l, we have 
(14-^2)^ = 3+ 2^2, and x = 3, y = 2 is a solution of 
equation (2)). 

Certain problems, stated in geometrical language, 
reduce to Diophantine equations. For example, consider 
the problem of finding right angled triangles in the 
plane whose sides have integral length; from Pythagoras’ 
theorem, this reduces to finding positive integer 
solutions of the equation 

This problem has infinitely many solutions; one may 
verify that for any positive integers a, b with a>b, we 
have a solution 

x = a^~b^, y = 2ab, z = + b^; 

this is equivalent to the algebraic identity 
(a^ - b^)^ + 4a^b^ = {a^ + b^f. 

From our first pair of examples, one sees that in 
order to understand integer solutions of Diophantine 
equations, there is sometimes an advantage in consider¬ 
ing related problems over larger number systems, which 
contain the integers. In our examples, one considers the 

V. Srinivas is in the School of Mathematics, Tata Institute of 
Fundamental Research, Bombay 400 005. 


number system consisting of all numbers of the form 
a-^bj2, where a, b are integers. Such a number system 
will form a ring, i.e. it will be closed under addition and 
multiplication; it is called a ring of algebraic numbers. 

Next, if we seek integer solutions to + y 2 _ 2;2 
the additional condition z^^O (which is not a severe 
restriction, since x = y = z = 0 is the only solution with 
z = 0), then a solution 

x = a, y = b, z = c 

yields a solution in rational numbers (fractions) of the 
equation 

given by X = alc, Y-bjc. Conversely, if we have a 
solution X = Y=B of where A, B are 

rational numbers, then we can write A, B as fractions 
with a common denominator, say 

A=ia/c, B — b/c; 

then x = a, y = b, z = c is an integer solution of 
x^ + 3;^ = z^. 

The term Diophantine equation^ originates from the 
work of Diophantus of Alexandria, who first studied 
integer and rational solutions of equations. One of 
Diophantus’ main results is about linear equations—if 
a, b, c are given integers, then the equation 

ax'+ by = c 

either has no integer solutions (x, y), or it has infinitely 
many; there are infinitely many solutions precisely when 
the greatest common divisor (g.c.d.) of a and b divides c. 
Thus, 

25x+ 15y= 127 

has no integer solutions, since the g.c.d. of 25 and 15 is 
5, which does not divide 127, while 

25x+15y=125 

has infinitely many solutions (5 divides 125). Diophantus 
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also discusses certain quadratic equations (e.g. 

Ancient Indian mathematicians were also interested 
in integer solutions of problems^. The solution of linear 
equations mentioned above was known to Aryabhatta 
(5th-6th century AD). The equation x^ — ny^=U for 
any positive n, was studied by Brahmagupta (7th 
century), and the general solution was found inde¬ 
pendently by Jayadeva (11th century) and Bhaskara 
(12th century). 

Probably the most famous (infamous?) Diophantine 
equation is ‘Fermat’s Last Theorem’^. The chapter on 
Fermat in E. T. Bell’s Men of Mathematics'^ is titled 
The Prince of Amateurs’. This refers to the fact that 
Fermat is the m jst famous example of a mathematician 
who was not a 'professional’, i.e. a professor at a 
university, or supported by a wealthy patron. Pierre 
Fermat (1601-1665) wasa commissioner of requests, and 
later a King’s councilor in the parlement (the provincial 
High Court of Judicature) at Toulouse, in France. He 
seems to have become interested in mathematics in his 
late twenties, perhaps through the influence of d’Espagnet, 
also a magistrate, who was mathematically inclined. 
Fermat published none of his results, but communicated 
them to some friends, notably Father Mersenne, in 
personal letters. Nevertheless, when he died, he was one 
of the most famous mathematicians in Europe. Today 
he is best remembered for his work on number theory, 
particularly Diophantine equations; yet, in his day, he 
was better known for his work on geometry, calculus, 
probability, and optics. In his'book^ Number theory — 
An approach through history, Andre Weil writes of 
Fermat, ‘. . . it is clear that he always experienced 
unusual difficulties about writing up his proofs for 
publication; this awkwardness verged on paralysis when 
number theory was concerned, since there were no 
models there, ancient or modern, for him to follow.’ 
Quite clearly, if Fermat were alive today, he would still 
have to remain an amateur! Weil also writes (of the 
notoriety of 'Fermat’s Last Theorem’) that ‘his 
(Fermat’s) reputation in the eyes of the ignorant came 
to rest chiefly upon it’. 

'Fermat’s Last Theorem’ is the statement that for any 
integer n ^ 3, the equation 

has no positive integer solutions (x, y, z) (equivalently, if 
(x, y, z) is an integer solution, at least one of x, y, z is 
zero). Fermat did not announce this result. However, 
after Fermat’s death in 1665, his personal annotated 
copy of Bachet’s Diophantus was examined by his son 
Samuel, while preparing an edition of his father’s 
works. In the margin alongside Diophantus’ discussion 
of x^ + y^ = z^, Fermat remarks, 'No cube can be split 
into two cubes, nor any biquadrate into two biquadra¬ 
tes, nor generally any power beyond the second into 
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two of the same kind’. He adds that he has discovered a 
‘truly remarkable proof for this fact, which ‘this margin 
is too narrow to hold’. Since this notation was found, 
many mathematicians have struggled (without success) 
to prove (or disprove) Fermat’s assertion. A lot of 
partial progress has been made, including some recent 
progress (which we describe later). There were contro¬ 
versies and priority disputes between prominent 
mathematicians over claimed proofs, which eventually 
turned out to be incorrect; a prize of 100,000 Marks 
was offered by Prof. Paul Wolfskehl, a German 
mathematician, for the first correct solution. This prize 
amount was greatly devalued after the First World 
War, but in the foreward to his book^ on Fermat’s Last 
Theorem, H. E. Edwards wrote (in 1977) that the prize 
still existed, and was then worth DM 10,000. Claimants 
for the prize should submit their proofs for scrutiny to 
the Academy of Sciences in Gottingen. 

New light on the subject of prizes (and perhaps on 
Hilbert!) is shed by the following anecdote^ about the 
mathematician David Hilbert, of Gottingen. Hilbert 
was the chairman of the prize committee that decided 
on the correctness of proofs of Fermat’s Last Theorem; 
as long as the prize money remained unclaimed, the 
interest on it was available to the Gottingen mathe¬ 
matics department to invite prominent academic 
visitors to Gottingen. Hilbert is reputed to have said, 
‘It’s lucky that I am probably the only person who can 
crack that nut. But I shall take very great care not to 
kill the goose that lays us such splendid golden eggs’. 

Fermat himself described a proof that the special case 
x^ + y‘^ = z‘'' has no positive integer solution, by a new 
technique, now called Fermat’s method of infinite 
descent. In fact, Fermat proved the more general 
statement® that 

X^ + y^ = 

has no 'non-trivial’ (i.e. with w^O) solutions. If x = a, 
y = 6, vv = c is a nontrivial solution, let 

/? = maximum of a, h, c; 

call h the height of the solution. Then h is a positive 
integer. However, Fermat was able to show that, given 
one non-trivial solution (a, b. c) with height h, one must 
have another non-trivial solution (a\ b\ c'), with height 
h\ such that W <h. Repeating Fermat’s argument, one 
would obtain an infinite sequence («„, cQ, n=l, 2, 
3,. . . of solutions, with heights h^ = h, h 2 =^h\ /la,. . . 
which form an infinite, strictly decreasing sequence of 
positive integers. This is clearly a contradiction; such a 
sequence does not exist. 

Let C„ = exp (Ini/n), which is an nth root of unity (i.e. 
the nth power of equals 1). Ohe can consider the 
number system consisting of all complex numbers of the 
form 

«0 + '^lCn + a2Cn + - • ■ 
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where the aj are all integers. This system forms a ring 
(i.e. is closed under addition and multiplication), as one 
can see by using the equation C”= 1. It is a familiar fact, 
first proved by Euclid, that any natural number can be 
factorized into prime factors, and the factorization is 
essentially unique. If one assumes an analogous 
statement for the number system obtained from it is 
possible to prove by ‘infinite descent’ that Fermat’s Last 
Theorem is true. Some mathematicians believe that this 
might be the argument that Fermat had in mind; 
however, the German mathematician Kummer found 
that unique factorization is false for the number system 
formed from i2m/23) (and this turns out to be 

the case for infinitely many Q. 

Certain mathematicians, the most prominent of 
whom was Carl Friedrich Gauss, were less interested in 
solving specific equations, like the one in Fermat’s Last 
Theorem. They preferred to try to understand why 
some equations could be solved, and not others, and 
why there were sometimes only a finite number of 
solutions, a?od why there were infinitely many solutions 
in other cases. In other words, they wished to develop a 
theory^ of Diophantine equations. Gauss himself, based 
on his famous quadratic reciprocity law, achieved a 
thorough understanding of quadratic diophantine equa¬ 
tions in 2 variables 

f{x,y)^0. 

For example, consider the equation 
+ xy + 5y^ = p, 

where p is a given prime number. Gauss’ methods show 
that this equation has an integer solution (x, y) (which 
is essentially unique) precisely when p=19 (when 
x= -1, y = 2 is a solution), or else, on dividing p by 19, 
one obtains one of the following remainders: 

1,4,5,6,7,9,11,16,17, 

(these are the possible non-zero remainders obtained by 
dividing squares of integers by 19). For example, it is 
known that p = 2^^*^~l is a prime number^^. One 
computes that p leaves a remainder of 1 on division by 
19 (since 2^ = 512 leaves a remainder of 18, i.e. of 1’, 
2^®- 1 is divisible by 19; but 

(2'"’'-l)-l = 2'""-2 = 2(2'26-i) = 2((2'V-l) 
which is divisible by 2^® — 1, and hence by 19. Hence 

x^ + xy + 5y2 = 2^^'^-~ 1 

has an integer solution. The special role played By 19 is 
because the discriminant of the quadratic expression is 
— 19 (the discriminant of ax^^bxy + cy^ is b^ — 4ac). A 
more spectacular example is the statement that 

x ^ + 5 xy + 47 y ^ = 2^^^^^-1 

has an integer solution^ L Gauss also studied generali- 
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zations of quadratic reciprocity, which eventually led 
Hilbert and others to what is now called class field 
theory^^. 

The first general result on higher degree equations 
was obtained by the Norwegian mathematician Axel 
Thue, in 1910. Let /(x, y) be a • homogeneous 
polynomial of degree d^3, i.e. we can write 

fix, y)= 1. aXy^~\ 

r = 0 

where the are all integers; assume Suppose / 

cannot be factorized as a product of two polynomials of 
smaller degree, with integer coefficients. Then for any 
integer m#0, Thue showed that the equation 

fix, y) = m 

has only a finite number of integer solutions. The proof 
is based on the following idea; write 

d 

fix,y) = a,i n ix-a^y). 

r=l 

where a^, a 2 , . . . Ad ^re the (complex) roots of the 
equation 

/(r, l) = ao + aitH-a2t^ + . . . a/^ = 0. 

If X = p, y = ^ is an integer solution of /(x, y) = m, then 

d 

n (p-(x,q) = m, 

r= 1 

so that on division by q^ we get 



If q is very large, then since m/{a^q^) is very small, p/q 
must be a very good approximation to one of the roots 
a^. On the other hand, Thue managed to show that 
such a good approximation cannot existThus, the 
integer solutions of /(x, y) = m have a bounded value of 
y; this easily shows that the corresponding x values are 
also bounded, and hence there are only a finite number 
of solutions. Carl Ludwig Siegel refined Thue’s ideas to 
find necessary and sufficient conditions for an arbitrary 
Diophantine equation (in 2 variables, with integer 
coefficients) 

fix, y) = 0 

to have infinitely many integer solutions. These 
conditions are best understood in terms of the geometry 
of the algebraic curve given by the solutions of the 
above equation over C, the complex numbers. 

If /(x, y) has degree d, we can uniquely decompose / 
as 

/(x, y) = /i(x, y) + fc(x, y) 

where h is the sum of the terms in / of degree exactly d 
(i.e. the terms involving x^y'^"* for O^i^d), and k the 
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sum of the terms of/ of degree Since h is 

homogeneous of degree d we may factorize it (as seen 
earlier during the discussion of Thue’s work) 

d 

/z(x, y) = a n 

i= 1 

for certain complex numbers afa 2 ,...,ad, and a non¬ 
zero integer a (this assumes that h has a non-zero 
coefficient of but this can be arranged after a 
homogeneous linear change of variables). Some of the 
may be repeated; suppose there are exactly s distinct 
It turns but that if we let U be the subset of the 
complex 2-dimensional space consisting of the 
complex solutions to the equation /(x, y) = 0, then one 
can ‘adjoin’ s points to L/, to get a space X which is a 
‘compact Riemann surface with singularities’. Intuitively, 
we may argue that is 4-dimensional, while the 
equation /(x, y) = 0 with complex coefficients really 
defines 2 equations with real coefficients; now the space 
of solutions of a system of 2 equations in a 4-dimen¬ 
sional space ought to be 2-dimensional, in general. 

One can prove that, in fact, such a space X has the 
following description. Punch an even number of 
circular holes (say, 2g) in the surface of a (two- 
dimensional) sphere; then attach g (hollow) cylinders to 
the punctured sphere, so that each boundary circle of 
each cylinder exactly matches the boundary of one of 
the holes; further, the cylinders do not intersect each 
other, or the sphere (except along the bounding circles). 
One obtains a surface without a boundary, which looks 
like a sphere with g hollow cylindrical ‘handles’, also 
called a g-holed torus. The number of handles is called 
the genus of the surface. Finally, to obtain our space X, 
one may have to pinch this surface in a finite number of 
places; these are the ‘singularities’ of X. 

There are theorems which allow one to compute the 
genus g of X by simple algebraic procedures starting 
with the polynomial /(x, y); for a ‘general’ polynomial / 
of degree d (i.e. when the space X has no singularities), 
one has the formula 

g = id~^l)id-2)/2. 

In general, one subtracts a positive correction term 
which is a measure of the singularities^"^. 

Siegel’s result states that if ^ > 0, then the Diophantine 
equation /(x, y) = 0 has only a finite number of integer 
solutions; further, even if g = 0, only certain very special 
equations can have infinitely many solutions. 

The problem of finding all rational solutions to 
Diophantine equations /(x, y) = 0 is harder. It turns out 
that equations of genus 0 and 1 may have infinitely 
many rational solutions. For equations of genus 0, one 
can decide if this is the case by simple calculations 
involving / and Gauss’ quadratic reciprocity law. 
However, it is a very difficult problem, and the subject 
of much contemporary research on Diophantine 

592 


equations, to prove such a criterion for equations of 
genus 1. One knows that the solutions to an equation 
of genus 1 form a group (after we add on a finite 
number of ‘solutions at infinity’). An important result 
due to Mordell is that this group is finitely generated. 

For equations of genus ^2, the Mordell Conjecture 
asserts that there are only a finite number of rational 
solutions. Thus, for, the Fermat equation 

x" + y"=l, 

it turns out that there are no singularities, so that the 
genus is 

(n-l)(n-2)/2, 

which is ^2 if n^4. Thus the Mordell Conjecture 
implies that, for each n^4, the Fermat equation has 
only a finite number of rational solutions. 

The Mordell Conjecture was proved by the German 
mathematician Gerd Takings (now at Princeton 
University), in 1983; he was awarded the Fields Prize 
for this work in 1986, at the International Congress of 
Mathematicians held at Berkeley, California, in the 
USA. As the reader may know, there is no Nobel Prize 
in mathematics; however, there is the Fields Prize, 
awarded every four years to two to four mathematicians 
at the International Congress. One difference with the 
Nobel Prize is that there is an age limit: only 
mathematicians below forty can qualify! The Fields 
Prize is not nearly as large a sum of money as a Nobel 
Prize, but of course it carries enormous prestige in the 
mathematical community. Incidentally, the Swedish 
Academy has recently instituted a prize in mathematics, 
the Crafoord Prize; the first persons to whom this was 
awarded (in 1988) were Alexandre Grothendieck and 
Pierre Deligne (both Fields Prize winners). However 
Grothendieck turned it down!^^ 

Takings’ proof is quite difficult, using advanced 
techniques from algebraic geometry and number theory 
developed by many mathematicians (following ideas of 
Grothendieck). However, one key step in the proof is an 
argument reminiscent of Fermat’s method of infinite 
descent, again involving the notion of heights. Fermat’s 
Last Theorem has been verified for all values of n up to 
100,000; however. Takings’ result gives the best known 
result valid for all n. Of course, Fermat’s Last Theorem 
concerns only one equation for each degree n, while 
Takings’ result applies to virtually all equations of 
degree ^4. 

Finally, we describe two recent developments relating 
to Fermat’s Last Theorem. The first one is regarded by 
some number theorists as the first ‘real’ evidence in 
favour of the truth of Fermat’s assertion. There is a vast 
program of research (it is too wide in scope to be called 
a mere conjecture!) proposed by the Canadian born 
mathematician Robert Langlands (now at the Institute 
for Advanced Study in Princeton). Very roughly, this 
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seeks to tie together the representation theory of Galois 
groups of fields of algebraic numbers (like the field of 
rationals), and Fourier analysis on so called adele 
groups, built out of real Lie groups and p-adic groups 
(like GL„ (Q^), the group of n x n-invertible matrices of 
p-adic, numbers^^) for all primes p. Fourier analysis on 
such groups is an active area of current research, which 
is built on the tremendous work^^ of Harish-Chandra, 
arguably the greatest Indian mathematician after 
Srinivasa Ramanujan. 

Class field theory (the generalization of Gauss’ 
quadratic reciprocity found by Hilbert and others, 
mentioned earlier), which includes a sizeable chunk of 
all results in algebraic number theory until a few 
decades ago, is reir.^erpreted as the simplest case of the 
Langlands program. This theory also generalizes tMe 
theory of certain functions called modular forms, which 
many number theorists have been interested in during 
the last 100 years or so. For example, Ramanujan was 
interested in the function (which is a modular form) 

A{z) — q n (1 - (where q = exp (2niz)); 

n= 1 

one of his most famous conjectures^^ about the Fourier 
coefficients t (n) of the function A (z) (which was 
proved by Deligne in 1973) has been vastly generalized 
by Langlands. There is a lot of recent research giving 
impressive evidence in support of the Langlands 
program 

One consequence of the theory is a certain property 
of equations of genus 1 with rational coefficients, which 
goes under the name of the Taniyama-Weil Conjecture 
(after the mathematicians Taniyama and Weil). Recently, 
it has been observed by several mathematicians that 
this conjecture impjies Fermat’s Last Theorem. The 
idea is as follows—if a, b, c are integers satisfying 
a" + fe” = c", one considers the cubic equation 

y^ = (x- a") (x - b”) (x ~ c"). 

Then one is able to show that this cubic has genus 1, 
and would contradict the Taniyama-Weil Conjecture. 
Since Taniyama and Weil are backed up by Langlands, 
it seems unimaginable (to some) that Fermat’s Last 
Theorem could be false! The auxilliary cubic obtained 
from a possible counterexample to the Fermat problem 
is called the Frey curve, after the mathematician Frey 
who first had the idea of studying this curve. 

A variant of this method, again by considering the 
Frey curve, is to try to obtain a contradiction using 
another new topic in geometrical number theory, called 
Arakelov theory. This theory originates in a paper of the 
Soviet mathematician Arakelov^^. Roughly speaking, 
Arakelov exploits an analogy between the geometry of 
surfaces and the theory of solutions of Diophantine 
equations f(x, y) = 0. A forerunner was the work of 
WeiP^, formulating such an analogy between the 


theory of algebraic curves, and the study of solutions of 
equations /(x) = 0 in one variable, i.e. of the rings of 
algebraic numbers we mentioned earlier. 

There was much excitement in the mathematical 
community when in 1988, a Japanese mathematician 
announced that he could extend to the ‘Arakelov 
situation’ a geometrical theorem about algebraic 
surfaces which he had proved a few years earlier, and 
that this yields Fermat’s Last Theorem. Unfortunately 
the proof was incorrect. However, these methods could 
still potentially lead to a proof. 

Rational solutions of equations in 2 variables are 
related to integer solutions of equations in 3 variables 
(as in Fermat’s Last Theorem). What about integer 
solutions of equations in ^4 variables? In his famous 
address to the International Congress of Mathematicians 
in 1900 in Paris, Hilbert listed 23 outstanding problems 
in different branches of mathematics, as a challenge to 
future mathematicians^^ Hilbert’s 10th problem asks for 
an algorithm (or systematic' ‘mechanical’ procedure) for 
deciding if a given Diophantine equation has a positive 
integer solution. Using methods of mathematical logic 
(related to Godel’s famous incompleteness theorems, and 
to certain techniques in modern theoretical computer 
science), the Soviet mathematician Matijasevic, building 
on work of Martin Davis, Julia Robinson and Hilary 
Putnam, showed that there is no such procedure^^. 
Refinements of the proof show that such a decision 
procedure is impossible for equations in 4 variables! 
Among the other striking consequences of this work, 
Matijasevic constructs an explicit polynomial / in 26 
variables (named a,.b, . .. ,z, of course!) such that for 
any positive integer solution of 
f(a, h, . . . ,z) = 0, 

is a prime number, and every prime number occurs in 
this way\ 
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A new algorithm for learning representations in a 
multilayer Boolean neural networks is presented. The 
algorithm depends on a theorem which states that any 
nonlinearly separable Boolean function can be expressed 
as a convergent series of linearly separable functions 
connected by the lo^jkal OR ( + ) and logical INHIBIT 
(-) operators. The formation of the series is accom¬ 
plished by the implied minterm structure of linearly 
separable functions. The algorithm produces the repres¬ 
entation much faster than the back propagation, and 
unlike the latter does not encounter the problem of local 
minima. 


The back propagation (BP) algorithm developed by 
Rumelhart et al} suggests a new way to explore good 
representations. It is also the most extensively used 
learning algorithm for complex, multilayer systems. 
Among many networks where back propagation has 
been successfully applied, there is a class of networks 
where the input and output vectors are strings of binary 
bits, 0 and 1. In such networks, called Boolean neural 
networks by us, the representation obtained by the BP 
algorithm becomes a logic circuit implemented by the 
familiar threshold gates^’^ working as hidden and 
output units. In the terminology of logical design and 
switching theory of computer science and engineering, 
the output vector becomes the output Boolean function, 
and the input state vectors which are binary combina¬ 
tions of input variables are known as fundamental 
products or minterms. The output Boolean function 
can, therefore, be depicted in a truth table or may be 
expressed as a sum of minterms^’Boolean functions 
which can be realized by a single threshold gate are 
linearly separable (LS) functions^’However, quite 
often the desired output function is not LS. In such a 
case the output function can be expressed as a 
convergent series of LS functions, given by a new 
theorem stated and proved in this paper. Based on this 
theorem and the implied minterm. structure (IMS)^ of 
LS functions, a new algorithm for learning good 
representations of Boolean neural networks is being 
presented in this paper. As we have discussed later, the 
algorithm does not have many shortcomings of the BP, 
and promises to provide a powerful alternative to BP 
for the Boolean neural networks. 

While expounding the BP algorithm, Rumelhart 
et al} have discussed in their paper seven problems, 
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namely, XOR, parity, encoding, symmetry, addition, 
negation, and the T-C problem. In all these except the 
T-C problem, the learning network can be straightaway 
classified as Boolean. There are many other applications 
of learning, where the information from the outside 
world are encoded into binary bits by the input units of 
the learning network. Hence, Boolean networks, 
although a subclass of all types of neural networks, 
form undoutedly the most predominant and significant 
subclass. Therefore, an algorithm without many short¬ 
comings of the BP although applicable only to Boolean 
learning networks, has the promise of being a most 
extensively used algorithm. 

Implied minterm structure 

In order to introduce the implied minterm structure 
to the reader, we first define a few basic terms. 

Definition 1 

Given a Boolean function, the ON set is the set of 
minterms whose output is desired to be 1. Minterms 
belonging to the ON set will be called on minterms. 

Definition 2 

Given a Boolean function, the OFF set is the set of 
minterms whose output is desired to be 0. Minterms 
belonging to the OFF set will be called off minterms. 

Definition 3 

The tabular form of a given function is the ON set 
minterms written in their binary form. It may also be 
considered as a matrix where each row represents a 
minterm whose output is desired to be I, and each 
column is headed by a variable. For example, the 
tabular form of the 5-variable function 

F (xi, X 2 , X 3 , X 4 , X 5 ) = S (0, 4, 10, 14, 17, 21, 27, 31) 

can be seen in Table la of the next section. 

Definition 4 

The number of Is in the binary representation of a 
minterm is called its weight. 
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Definition 5 

A Boolean function is called positive and ordered, if in 
every column of the tabular form of the given function, 
the number of Is is not less than the number of Os, and 
the ratios of the number of Is to that of Os are such that 
if Tj and rj are these ratios of the ith and the jth 
columns respectiyely, then r^'^rj when i<j. 

Any arbitrary Boolean function can be made positive 
and ordered by suitable permutations and/or comple¬ 
mentations of its columns. 

In a LS function, it has been shown that if a minterm 
Mi is realized by a set of weights and threshold, then 
there are minterms which will also be realized by the 
same set. If mj is one such minterm, then m,- is said to 
imply nij. 

Definition 6 

Let mi and m 2 be two minterms such that 
mi = bib2 ... 0 ... 

then m 2 is said to have been obtained from by 
positive complementation. 

Such a positive complementation when applied to the 
least significant bit (h„ in our notation) of the minterm 
is called elementary positive complementation. Note that 
the minterm m 2 , obtained from mi by elementary 
positive complimentation has a weight w+ 1, where w is 
the weight of mi. 

Definition 1 

Let mi and m 2 be'two minterms such that 

m^ = b^b 2 . . . 0 . . . 1 ... bn and 
m2 — bf)2 ... 1 ... 0 ... 

Then m 2 is said to have been obtained from by 
positive permutation. Note that in positive permutation, 
a 1 is shifted to the left and a 0 to the right, and the 
weight of m 2 is the same as that of mi. 

Positive permutation when applied to adjacent bits of 
a minterm is called a unit positive pej-mutation. 

It will now be obvious that in a positive and ordered 
function, if the minterm mj has been obtained by unit 
positive permutations on m^, and has been obtained 
by elementary positive complementations on m^, then m^ 
implies mj and m^. Also note that the implication 
relation is transitive, that is, if m,. implies mj, and mj 
implies m^, then mj implies m^. 

The IMS of 4-variable minterms is shown in Figure 
1. The IMS is a graphical structure showing implications 
between the minterms. In this structure if m^ implies mj 
by virtue of mj being obtained from m^ by either 
elementary positive complementation or unit positive 
permutation, then mj appears below or on the right of 
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Figuri' 1. 4-Variable implied minterm structure^ with on and star 
minterms of 4-variable odd parity function plotted on it. Also shown 
are nested compact zones of Fj, F 2 , F 3 , and F 4 . 

mi (or sometimes in an angle in between these two 
directions). 

Solid lines (in Figure 1) are used to depict the 
implications due to unit positive permutations between 
two minterms of the same weight; and the dotted lines 
are used to show the implications due to elementary 
positive complementations, where implying minterm m,- 
has a weight w and the implied minterm mj has a 
weight W+ 1. 

To test the linear separability of a Boolean function, 
first make the function positive and ordered, and then 
plot the ON set minterms in the IMS structure. If the 
IMS now reveals at least one minterm that does not 
belong to the ON set of the function but is implied by 
one of the on-minterms, then the IMS of that function 
is said to have a hole in it and is therefore not compact. 
In this case the function is not LS. Hence, for a function 
to be linearly separable, its on-minterms must form a 
compact zone in the IMS, which may be defined as 
follows. 

Definition 8 

If a set of minterms in the IMS, whose every member 
has all (may be one or more) minterms implied by it 
also within the set, then the set of minterms is said to 
produce a compact zone. 

The algorithm 

The algorithm consists essentially of four procedures 
namely, TRANSFORM, ON-STAR, REALIZE and 
RESTORE. 
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We now solve two problems to explain the above 
procedures. Using the 4-variable odd-parity problem, 
we shall describe the procedures ON-STAR and 
REALIZE. Using the 5-variable mirror symmetry 
problem, we shall describe the procedures TRANS¬ 
FORM and RESTORE. 

4-Variable odd-parity problem 

In this problem, the network learns to detect odd parity 
in bit strings of length 4. It can be seen that such strings 
of 4-variable minterms are 0001, 0010, 0100, 0111, 1000, 
1011, 1101 and 1110. These have the decimal 

designations, 1, 2, 4, 7, 8 , 11, 13 and 14. Hence the 4- 
variable odd parity Boolean function Fqp is given by 
the following sum-of-minterm form. 

Fop = i:(l, 2, 4, 7, 8, 11, 13, 14). 

It can be verified that the tabular form of this 
function is already positive and ordered. Now, plot the 
on-minterms of the function on the 4-variable IMS by 
circling the minterms (Figure 1). It is seen that the 
plotted on-minterms alone fail to produce a compact 
zone in the IMS. Hence, the function is not LS^. 
Therefore, to obtain an LS function we identify a 
compact zone which includes not only all on-minterms, 
but also some off-mintcrms. This produces the first 
compact zone, and represents an LS function F^. The 
off-minterms in the first compact zone will be called 
star-minterms (shown by stars in Figure 1). Next we 
identify the second compact zone which is nested in the 
first compact zone. It must compulsorily include all star- 
minterms, and if need be, some on-minterms to make 
the zone compact. The second compact zone corres¬ 
ponds to the second LS function, F 2 . The third 
compact zone (if any) will be nested in the second 
compact zone, and will compulsorily include all on- 
minterms within the second compact zone, and if need be, 
some star-minterms to avoid any hole. This produces 
another LS function, F 3 . This process continues until 
the nth compact zone, which is a homogeneous zone 
(containing either only on or only star but not both 
types of minterms) is detected. In this function, the 
procedure terminates with the identification of the 
fourth LS function, F 4 . It can now be easily verified 
that Fop = Fi-F 2 'f F 3 -F 4 , where - and 4- are the 
logical INHIBIT and logical OR operators. The identi¬ 
fication of the on and star minterms, and the compact 
zones is done by the ON-STAR procedure of the 
algorithm. The procedure REALIZE now finds the set 
of weights and thresholds of the identified LS functions. 
The procedure achieves this by several iterations, based 
on the principle of Dertouzos’ vector^. 

For the 4-variable odd parity function, the weights of 
the four functions (see Figure 1), Fj to F 4 , turn out to 
be identical (namely 1 , 1 , 1 , 1 ) and their thresholds are 


0.5, 1.5, 2.5 and 3.5 respectively. Since, the functions Fj 
and F 3 are excitory, they are connected to the output 
unit by weight 1 . F 2 and F 4 are inhibitory and, 
therefore, are connected to the output unit by weight -I. 
The threshold of the output unit is always 0.5. The 
representation learnt by the network is shown in Figure 
2. This representation happens to be identical to that of 
Rumelhart et al} 

We can now state and prove a new and significant 
theorem which is at the heart of this algorithm. We 
shall call this the linearization theorem, since it converts 
a non-linearly separable function into a series of 
linearly separable functions. 

Theorem 1 

{The Linearization Theorem) A non-linearly separable 
function F can always be expressed as a convergent series 
of LS functions F^, F 2 , . . ., F„ connected by the logical 
OR ( + ) and the logical INHIBIT (-) operators, such 
that, 

Fi > F 2 > ... F,„ and 

F=Fi — F 2 + ... +F„ when njs odd, and 

F = Fi ~F 2 -i- ... -F„ when n is even. 

Proof: Without any loss of generality, we shall prove 
the theorem from the working of the algorithm while 
solving the 4-variable odd parity problem. It can be 
seen that the minterms of the first compact zone 
constitute the first LS function Fj. It consists of the on- 



X, X2 X3 X4 


Figure 2. Representation for the 4-variahde odd parity problem as 
obtained by the IMS algorithm. Solid lines show connections with 
positive weight, 1, and dotted lines connections with negative weight, 
— 1. Gates are normally off, with output 0, and gets turned on 
producing an output 1, when the weighted sum exceeds the threshold 
shown in the circle. 
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minterms and the star-minterms. It is now definite that 
whatever may be the distribution of the on and star 
minterms in the first compact zone, the on and star 
minterms constituting the second compact zone must 
be at least one on-minterm less than those of the first 
compact zone. Thus the set of minterms constituting 
the second compact zone will always be a proper subset 
of the set of milnterms constituting the first compact 
zone. Hence Fi>F 2 - will also be true for F 2 and 
F 3 , and so on. Hence, generalizing It also 

follows from the algorithm, that the minterms of F 2 
must be subtracted and those of must be added. In 
general, for all z>l, Fi must be subtracted if i is even 
and Fi must be added if i is odd. The relation Fi>Fi+i 
also proves that the series is convergent. QED 

While solving the 4-variable parity problem, we 
explained the procedures ON-STAR and REALIZE. 
Let us now solve the second problem. 

5- Variable mirror symmetry problem 

In this problem the network learns to detect symmetry 
in a bit string of length 5. It can be seen that minterms, 
00000(0), 00100(4), 01010(10), 01110(14), 10001(17), 
10101(21), 11011(27) and 11111(31) have symmetrical 
bit patterns. In the sum-of-minterm form the 5-variable 
mirror-symmetry function can, therefore be written as 

Fms (^ 1 ’ ^ 2 ^ ^ 3 ’ ^ 4 ’ ^ 5 ) = ! (0,4,10,14,17,21,27,31). 

If this function is now plotted on the 5-variable IMS, 
and the compact zones identified, then we get 11 LS 
functions of theorem 1 as shown by the nested 
expression given below. 

(0(1-3(4(5-9,16(10,17(11-13,18-20,24(14,21 
(15,22,23,25,26,28(27(29,30(31))))))))))) 

where the notation 1-3 means 1, 2, 3. 

This will result in a representation having 11 hidden 
units. Although such a representation is correct, it is 
not economical. A significant reduction in hidden units 
can be achieved with the help of the procedure 
TRANSFORM. This procedure finds a permutation 
and/or complementation of the columns of the tabular 
form of the function, such that the function not only 
becomes positive and ordered, but also in its tabular 
form, the least minterm of the tabular form has the 
highest decimal designation. For example, the tabular 
form of the 5-variable F^s function is shown in Table 
la. Table lb shows the transform (x^, X 2 , x^, X 5 , X 3 ), 
wherein the columns X 2 and X 5 have been complemented 
and the columns X 4 ., X 2 , Xj, X 5 and X 3 become the 1 st, 
2nd. 3rd, 4th and 5th columns of Table lb. The 
brm also changes the decimal designations of the 
lote that the least minterm of Table la is 0, 
)f Table lb is 10. This is the highest 
of the least minterm that may be obtained. 


Table 1 



(a) 






(b) 




nii 

^1 

^2 

X3 

X4 


nii 

X4 

A 


X5 


0 

0 

0 
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0 

0 

10 

0 

1 

0 

1 

0 

4 

0 

0 

1 

0 

0 

11 

0 

1 

0 

1 

1 

10 

0 

1 

0 

1 

0 

18 

1 

0 

0 

1 

0 

14 

0 

1 

I 

1 

0 

19 

1 

0 

0 

1 

1 

17 

1 

0 

0 

0 

1 

12 

0 

1 

1 

0 

0 

21 

1 

0 

1 

0 

1 

13 

0 

1 

1 

0 

1 

27 

1 

I 

0 

1 

1 

20 

1 

0 

1 

0 

0 

31 

1 

1 

1 

1 

1 

21 

1 

0 

1 

0 

1 

N(l) 

4 

4 

4 

4 

4 

N(l) 

4 

4 

4 

4 

4 

N(0) 

4 

4 

4 

4 

4 

N(0) 

4 

4 

4 

4 

4 


The minterms of Table lb are now plotted on the 5- 
variable IMS, and the on and star minterms identified 
(Figure 3). It is interesting to note that now only two 
compact zones are found, corresponding to only two 
functions and 1 2 of theorem 1. The REALIZE 
procedure now determines the weights of these two 
functions which turn out to be ( 2 , 2 , 1 , 1 , 0 ) for both 
and / 2 . The RESTORE procedure now assigns these 
weights with proper signs to the input variables. Since 
in the transformed columns, the first column is headed 
by X 4 , the first weight 2 is assigned to X 4 . The second 
column is headed by X 2 . Therefore, the second weight 
with a negative sign is assigned to X 2 . This way the 
weight vector ( 2 , 2 , 1 , 1 , 0 ) of the transformed variable 
(.X 4 ., .X 2 , Xj, X 5 , X 3 ) becomes the weight vector ( 1 , ~ 2 , 0 , 
2 , — 1 ) for the original variables (x^, X 2 , X 3 , X 4 , X 5 ). 
Both the functions /j and 1 2 have these weights. 
Thresholds are now computed with these weights. 


0 I 



W=3 W =4 W = 5 

Figure 3. 5-Variable implied minterm structure, with on and star 
minterms of the 5-variable mirror-symmetry function plotted on it. 
Also shown are the nested compact zones of /j and 1 2 ^ 
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These turn out to be --0.5 and 0.5 for 1st and 2nd 
hidden units, which implement the transformed functions 
corresponding to and 1 2 . The representation learnt is 
shown in Figure 4. 

It should be mentioned here that the TRANS¬ 
FORM procedure when applied to the 4-variable odd 
parity function fails to produce another tabular form, 
where the least minterm becomes higher than 1. Hence, 
no transformation is required, and consequently the 
RESTORE procedure is not invoked. 

In case the ON-STAR procedure terminates by 
identifying only a single zone, then the given function is 
itself an LS function. The algorithm now declares the 
single hidden unit as the output unit. 

Experimental results 

The algorithm (called*%IMS algorithm by us) has been 
implemented in C. Among the four procedures, the 
TRANSFORM, ON-STAR and RESTORE are non¬ 
iterative. The only time, when the learning process may 
have to go through several iterations, is when the 
realization vector is determined by the REALIZE 
procedure. We have solved the problems, XOR, 4- 
variable odd parity, 4, 5 and 6-variable mirror 
symmetry problems by the IMS algorithm. Table 2 
compares the performance of the IMS algorithm with 
BP. It is significant to mention here that while learning 
the 6-variable mirror-symmetry representation, BP 
yields only one solution with the ratio of weights being 



Figure 4. Representation for the 5-variable mirror-symmetry 
function. Solid lines show connections with positive weight, and 
dotted lines connections with negative or zero weight. Gates are 
normally off, with output 0, and gets turned on producing an output 
1, when the weighted sum exceeds the threshold shown in the circle. 


1:2:4. The IMS algorithm on the other hand gives two 
solutions, one with the ratio of weights as 1:2:4, and 
the other with ratio as 2:3:4. 


Table 2 



No. of hidden units 

No. of iterations 


BP 

IMS 

BP 

IMS 

Problem 

algorithm 

algorithm 

algorithm algorithm 

XOR 

2 

2 

245 

2 

4-Variable parity 

4 

4 

2825 

4 

4-Variable 

2 

2 

Not 

2 

mirror-symmetry 



mentioned 


5-variable 

2 

2 

Not 

2 

mirror-symmetry 



mentioned 


6 -Variable 

2 

2 

1208 

4 

mirror-symmetry, 
solution 1(1; 2:4) 





6 -Variable 

Not 

2 

Not 

2 

mirror-symmetry, 
solution 2(2:3:4) 

found 


found 



For each of the problems in table 2, the entire 
learning process by the IMS algorithm takes less than 1 
sec of CPU time in a HP 9000 computer. 

Conclusions 

As has been discussed by Sarje and Biswas-*^, the IMS 
can be used to test the linear separability of functions of 
up to 8 variables. The IMS of functions of up to 8 
variables can also be generated dynamically by a 
computer program, and the on and star minterms can 
be identified concurrently with the generation of the 
IMS. Modifications and additional features to be 
incorporated in the algorithm for problems of more 
than 8 variables are currently being investigated. 

BP faces two serious problems, its slowness"^ and the 
menace of local minima. These have no correlation with 
the number of variables. It takes 2825 iterations to 
solve the 4-variable odd parity problem, but takes only 
1208 iterations to reach the solution of the 6-variable 
mirror-symmetry problem. Again, while learning the 
addition of two 2-bit binary numbers it reliably leads 
the system into local minimal In these two respects the 
performance of the IMS algorithm is far superior. It 
arrives at the solution with far less number of iterations, 
and the solution is the best most of the time, and is 
nearly the best some of the time. It also does not 
encounter the problem of local minima, and goes to the 
solution without any obstacle. Another significant 
strength of the IMS algorithm is that it can find 
alternative solutions due to the property of the IMS. 
This is how we get the two equally good and valid 
solutions in case of the 6-variabie mirror-symmetry 
problem. BP has found only one solution, and there is 
no mechanism by which it can point to the existence of 
another good solution. 
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We hope that with further improvement and research 
in the new approach presented in this paper, the IMS 
algorithm will prove to be a better alternative than BP 
for the most predominant class of networks called 
Boolean neural networks. 
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On the anomalous weight reduction 
in rotating gyroscopes 

C S. Unnikrishnan 

Gravitation Experiments Group, Tata Institute of Fundamental 
Research, Bombay 400 005, India 

A recent claim of an anomalous weight reduction in 
rotating gyroscopes is tested. The la upper limit on any 
such effect is shown to be at least a factor of 60 lower 
than that claimed earlier. The present results are 
consistent with a null effect. Also, it is shown that weight 
change which could depend on the magnitude of spin of 
the gyroscope is constrained to 2 parts in 10^. 

The recent claim ^ of the reduction in weight of a 
gyroscope rotating with its spin vector pointing 
downwards with respect to the local vertical (right 
rotation) has stirred up some interest as also criticisms 
and possible explanations^. The fractional weight 
reduction observed by Hayasaka and Takeuchi^ is 
about 5x 10"^ at a rotation rate of about 12,000 rpm, 
and they characterize the weight reduction with the 
expression, 

AWr (co)= “2 X 10"^ Mrgq cu gem s”“, 

where M is the mass of the rotor, co the angular 
frequency in rad/sec and req the equivalent radius for 
the rotor. 

Quite understandably, there could be various objec¬ 
tions to this result from the conventional physics 
quarters. As Hayasaka and Takeuchi state, their 
experimental results cannot be explained by the usual 
theories of physics. (Objections from an engineer’s point 
of view are of a different nature^) Considering the effort 
which had gone into the original experiment, and the 
importance of a possible anomalous effect, it seemed 
worthwhile to repeat the experiment to look for a 
possible weight reduction. 
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Here I describe an experiment done to check the 
claim of Hayasaka and Takeuchi. The experiment 
consists of measuring the weight of a commercial 
gyroscope (Smith Industries Ltd, UK) using two semi¬ 
micro, single pan electronic balances. A schematic 
diagram of the experimental set-up is shown in 
Figure 1. The weighing capacity of a standard semi¬ 
micro balance is less than 200 g, with a resolution of 
100 fig. The weight of the gyro assembly, being around 
300 g, needed to be nulled partially to be able to 
perform the experiment with the maximum accuracy. 
The difficulty in setting up a drift-free nulling scheme 
(with stability comparable to that of the balance itsell) 
led to a two-balance set-up with a light weight gyro 
holder made of aluminium bridging the two balance 
pans. This bridge is a tripod, weighing 25 g and it rests 
freely on the balances with one of its legs on one pan 
and the other two on the second pan. The gyroscope is 
a sealed unit with a maximum rotation rate of 
24,000 rpm (angular momentum = 1.75 x lO'** g cm^s) 
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Figure 1 . Schematic diagram showing the experimental set up. GA, 
gyroscope assembly; Bl, B2, Balance 1 and balance 2; GS, gyroscope 
support (tripod); BP, balance pan; PS, power supply; PH, perspex 
hood; wd, weight display. 
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and once disconnected from the power line takes about 
140 sec to slow down to rest. This spin-down generates 
a reaction torque that gets transmitted to the external 
supports and a long lever arm, with almost symmetric 
loading, in the two-balance^ configuration helps to 
reduce such forces on the balance pans. The existence of 
the reaction torque also means that one has to take 
special care to align the spin axis of the gyro parallel to 
the local gravity field so that these forces are minimized 
to avoid large fluctuations in the weight readings on the 
balance display. At the interface of the two balances, 
where the draft covers are open to allow the gyroscope 
assembly to be placed on the two pans, polythene 
sealing was provided to guard against air currents. 
Also, a perspex hood with one sliding door was used to 
cover the two balances. 

In a typical run of the main experiment, the power 
supply is kept connected to the gyroscope for about 
30 sec during which the rotor of the gyro attains a 
rotation speed of 24,000 rpm. Then the power supply is 
switched off ax\d the wires disconnected, after starting a 
stop watch, and the balance draft covers and the door 
of the perspex hood are closed. These operations and 
the subsequent stabilization of the balance displays take 
less than 20 sec. Weight readings are taken from both 
balances for the next 120 sec, during which the gyro 
rotor decelerates from 16,000 rpm to rest. The spin- 
down curve of the gyroscope, i.e. the angular frequency 
of the rotor as a function of time, was determined in a 
preliminary experiment, by measuring the frequency of 
the induced back emf on the power supply terminals 
due to the residual magnetic field of the rotor. (The 
error in determining the frequency of rotation from this 
spin-down curve is about 5%,) Each of the data sets 
consisting of gyro weight (the sum of the readings from 
the two balances) and the gyro rotation rate is fitted to 
a straight line. The average of the slopes of the fit from 
several runs (about 50 each for right rotation and left 
rotation) gives the weight change as a function of the 
angular frequency of the gyroscope. 

Systematic errors expected a priori in this experiment 
were mainly from three sources, viz. i) temperature 
changes of the air surrounding the gyro assembly giving 
rise to changes in buoyancy, ii) a magnetic dipole 
moment associated with the rotor interacting with the 
ambient magnetic field and its gradients and, iii) reaction 
torques from the decelerating rotor acting on the 
balance pans in some systematic way. The error source 
(i) is proportional to the change in air temperature and 
since the measured temperature change during one run 
of the experiment was less than 0.3°C, the weight 
change due to buoyancy change was estimated to be 
< 100 /xg. Magnetic fields were shown to be unimportant 
in the present experiment by applying an additional 
magnetic field of strength 1,5 G (^4 times the ambient 
field) and a gradient of about 0.02 G/cm in the vertical 


direction and 0.05 G/cm in the horizontal directions. 
These runs did not show any weight change as^ the 
gyroscope slowed down, to within the resolution of the 
balances. The reaction torque, on the other hand, was 
found lo be troublesome, since it gives rise to large and 
rapid changes in individual balance readings and the 
sum of the readings are susceptible to large fluctuations 
exceeding the effect looked for. However, when the spin 
vector of the gyroscope is carefully aligned along the 
vertical direction, using a plumb line, these fluctuations 
are at the level of the resolution of the balance; once 
this is achieved, several runs are performed continuously 
without taking out the gyroscope from inside the 
balance. 

The minimum weight change expected, using the 
expression given by Hayasaka and Takeuchi, is 
approximately 2000 pg as the gyro decelerates from 
16,000 rpm to rest. (It is difficult to estimate correctly 
the effective radius of the sealed rotor unit. This 
minimum value for the weight change is estimated by 
first obtaining the value of Mreq from the known value 
of angular momentum at 24,000 rpm and then, using 
the maximum possible radius of the rotor inside the 
gyro housing, calculating the value of Mrgqvv at 
16,000 rpm. Mr^q is about 70 cgs units and the 
maximum possible value for the radius is 12 mm. A 
more realistic value for the weight change would be 
about 2600 pg.) In contrast to this, the average weight 
change observed (up to 16,000 rpm) in 72 runs for right 
rotation is 7 ± 20 pg, consistent with no change in 
weight. (A positive sign for the change in weight 
corresponds to an increased weight at larger rotation 
rates.) The 2 a upper limit on weight reduction of the 
rotating gyroscope for right rotation (the spin direction 
for which Hayasaka and Takeuchi found a large weight 
reduction) is 33 pg, about a factor of 60 smaller than 
expected^. The experiment was repeated with the 
gyroscope rotated through 180°, so that the spin vector 
points upwards (left rotation). Average of 50 runs 
yielded the value -84 ±21 pg for the weight change in 
left rotation. Combining data for left rotation and right 
rotation constrains any weight change which depends 
on the magnitude of spin to 45 ±15 pg. The 2 a upper 
limit in this situation corresponds to a fractional weight 
change of less than 0.2x10"^. The nonzero, though 
small, change in weight for left rotation is not taken as 
indication for any fundamental effect, since the 
possibility of systematic errors amounting to 100 pg 
(mainly due to heating up of the air surrounding the 
gyroscope) is expected in this experiment. 

When the spin direction of the gyroscope is mis¬ 
aligned to the extent of being horizontal (in a plane 
parallel to the plane of the balance pans), large increase 
and decrease in individual balance readings due to the 
reaction torque, larger in magnitude than the expected 
weight change, are seen. This might provide a clue to 
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understanding the results obtained by Hayasaka and 
Takeuchi, though it is clear that it is difficult to explain 
their result in a simple modeF. 
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Relationship between infant size and 
carrying of infants by hipposiderid 
mother bats 

T. R. Radhamani, G. Marimuthu and 
M. K. Chandrashekaran 

Department of Animal Behaviour and Physiology, School of 
Biological Sciences, Madurai Kamaraj University, Madurai 625 021, 
India 

The newborn individuals of a cave-dwelling insectivorous 
bat Hipposideros speoris are hairless, sightless and 
flightless. A study was undertaken on Ihe details of how 
these are nursed under natural conditions. The mothers 
carry their infants of early stages along with them while 
leaving the cave for foraging after sunset. A few young 
ones are left behind while their mothers leave for 
foraging. More and more infants are left behind when 
they become larger in size and volant (able to fly). 
Interestingly a few volant young ones are still carried to 
the foraging area at the cost of increasing the wing 
loading of mothers. This process may be beneficial to the 
volant young in learning the topography at the foraging 
areas, prey detection and capture by using their 
echolocating system. 

One of the fascinating areas in the behavioural 
repertoire of bats is the relationship between mother 
and infant. There are several reports on this component 
describing the layishness of meticulous care showered 
by mothers on their infants^ In the earlier stages of life 
young ones attach themselves tenaciously to the body 
of the mothers and are even carried on foraging flights. 
At the later (volant) stages most of the females prefer to 
leave their young in the day roosts (caves, temples, etc.) 
while foraging^. However a few mothers continue to 
carry their volant young for foraging even though it 
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causes an increase in wing loading (body wt/wing area) 
and needs more energy^. The present study deals with 
the mother-young relations in a cave-dwelling insecti¬ 
vorous bat Hipposideros speoris and explains how the 
mother bats carry even their volant young to the 
foraging areas in order to acquaint them with the 
topography and foraging strategies. 

The study site is a natural cave situated on the 
Samanar Hill complex near the village Keela Kuyil 
Kudi about 8 km south-east of the Madurai Kamaraj 
University, A colony of about 500 individuals of 
H. speoris of both sexes inhabit this cave. Observations 
were made from August to December 1989. 

At intervals of 3-4 days, we entered the cave past- 
midnight hours and counted the number of young bats 
of mixed ages end sex left behind by their mothers in 
the several pockets of the cave. Their right-hand 
forearm length, which is a good measure of size, was 
measured by using vernier calipers. The home-flying 
bats were trapped at the entrance of the cave during the 
pre-dawn hours (03.00-06.00 h) using a mosquito nylon 
net. The young bats clinging to the body of the 
returning mothers were also measured. A test was done 
to find out the relationship between the size of the 
young ones and their being carried or left inside the 
cave by the mothers. 

During the early part of August the majority of the 
females were in an advanced stage of pregnancy. 
Parturition occurred till the end of December and the 
maximum number of infant bats was recorded during 
September and October. The newborn babies were 
altricial-naked body with eyes and ears closed. Figure 1 
depicts the pattern of mothers i) carrying their young 
and ii) leaving them behind as a function of the size of 
the young ones. The two distributions differ significantly 
(Kolmogrov Smirnov test, P=*0.05) and thus more 
young ones are left inside the cave as they become 



Figure 1 . The pattern of mother bats carrying their young (hollow 
circles) or leaving them behind at the cave (solid circles) as a function 
of the size of the young ones. 
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larger. However it is interesting to observe that a few 
volant young are still carried by their mothers. 

At the time of breeding in several species of bats 
there is a high energy demand especially during the 
periods of advanced pregnancy and lactation. In 
addition to the cost of lactation the mother bats spend 
large additional amounts of energy soon after parturition 
in which mothers carry their infants continuously. The 
majority of bat species breed annually at energetically 
favourable periods when availability of insects for the 
nurture of the young and to meet their own demands of 
energy is maximum"’'. 

Since the newborn bats are hairless, sightless and 
flightless the mothers take care of their infants. The 
young never leave the nipple or pubic teats of the 
mothers during their early stage of life and may cling to 
the body of the mothers even while the latter foraged 
Since the cave is a well-protected area, a few mothers of 
H, speoris leave their infants even at the newborn stage 
inside the cave to forage^. The mother-young relations 
progressively decline and thus more young bats are 
left behind in the cave as they become older (Figure 
1). However it is of great interest to note 
that a few volant young (forearm length is about 
40 mm) were still carried to the foraging areas. Even 
though this process increases the wing loading of 
mothers- the volant young must be highly benefitted by 
it. They practice the inborn and ingenious method of 
echolocation by following their mothers at foraging 
areas^. The volant young are able to emit the adult’s 
type of CF-FM echolocation sounds of 135 kHz^. 
Brigham and Brigham® and Vaughan and Vaughan^ 
have reported for temperate species of insectivorous 
bats evidence for association between mother bat and 
its young during and after foraging. In the case of the 
African yellow-winged bat Lavia frons^ each young 
shared its parents foraging territory, synchronized its 
grooming and foraging periods with those of its parents 
and periodically huddled against its mother while 
roosting until at least 50 days after its first flight. Thus 
the relationship between mother and infant includes not 
only lactation but also training and practice the 
mother imparts to infants to navigate in the foraging 
areas dexterously using the echolocatory machinery. 
However we have no information as yet that the same 
infants get carried by the same mother bats on a daily 
basis. If that is not the case then one can account for 
volant subadults which are left behind. We can also 
then believe that being taken for the ‘acquaintance 
flights’ is a feature that applies to all subadults and is 
thus a part of their training and growing up. 


1. Gould, E., Commun. Behav. Biol, 1971, 5, 263. 

2. Bradbury, J. W., in Biology of Bats (ed. W. Wimsatt), Academic 
Press, New York, 1977, vol. 3, p. 1. 

CURRENT SCIENCE VOL. 59, NO. 12, 25 JUNE 1990 


3. Norberg, U. M. and Rayner, J. M. V., Philos. Trans. R. Soc. 
London, 1987, 316, 335. 

4. Racey, P., in Ecology of bats (ed. T. H. Kunz), Plenum Press, New 
York, 1982, p. 57. 

5. Marimuthu, G., Curr. ScL, 1988, 57, 983. 

6 . Moehres, F. P., in Animal Sonar Systems, Biology and Bionics 
(ed. Busnel, R. G.), Lab. Physiol. Acoust., INFRA-CNRS, Jouy-en- 
Jones, 1966, Vol. 2, p. 714. 

7. Habersetzer, J. and Marimuthu, G., J. Comp. Physiol., 1986, 
A158, 247. 

8 . Brigham, R. M. and Brigham, A. C., Am. Midi Nat., 1989, 121, 
205. 

9. Vaughan, T. A. and Vaughan, R. P., J. Mammal., 1987, 68, 217. 

ACKNOWLEDGEMENTS. This work was supported by DST 

(M. K. C.) and DoEn (G.M.). T. R. R. was a recipient of a 

UGC Junior research fellowship. 

5 March 1990; revised 4 June 1990 


Studies on interrelationship between 
different anaerobic bacteria in biogas 
digester 

S. V. Kulkarni and S. H. Godbole* 

Department of Physics, Shivaji University, Kolhapur 416 004, India 
‘MACS Research Institute, Law College Road, Pune 411 004, India 

Studies on interrelationship between methanogenic 
sulphate-reducing and denitrifying bacteria were carried 
out in a anaerobic biogas digester. Most probable number 
of these bacteria, concentration of sulphate and nitrate 
in fermenting slurry, gas production-and redox potential 
were compared for 52 days. It was observed that sulphate- 
reducing bacteria reduce initial sulphate content of the 
fermenting slurry to bring it to low level and denitrifying 
bacteria help to establish the anaerobiosis by reducing 
the redox potential through utilization of nitrate. 

A large variety of microorganisms are involved in production 
of methane by anaerobic digestion of organic matter. 
Although only three types of microorganisms, viz. 
cellulolytic, acid-producing and methanogenic bacteria are 
directly involved in production of methane, there are some 
other species of bacteria also present in anaerobic ecosystem 
which affect methanogenesis. 

Sulphate-reducing and denitrifying bacteria are of 
particular importance since they have been reported to 
inhibit methanogenesis when sulphate and nitrate 
respectively is available in the ecosystem. These bacteria 
have been reported to compete with methanogenic bacteria 
for their common substrates and thus inhibit 
methanogenesis'"^ It has also been reported'^ *'’ that when 
sulphate is depleted from the ecosystem sulphate-reducing 
bacteria help methanogenesis by interspecies hydrogen 
transfer. 

All these studies have been earned out on marine sediment 
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and lake sediments where methane production occurs 
naturally. It is also necessary to study the exact role of 
these bacteria in anaerobic biogas digester. 

Experiments were therefore carried out to study the 
interrelationship between sulphate-reducing, methanogenic 
and denitrifying bacteria in a anaerobic batch digester 
charged with cattle dung. 

Fresh cattle ding slurry having 10% total solid contents 
was subjected for anaerobic digestion for 52 days in a 
laboratory model of biogas digester. Sulphate and nitrate 
were estimated by turbidometric and colorimetric methods 
respectively^, on every 4th day. Enumeration of methano¬ 
genic sulphate-reducing and denitrifying bacteria was also 
carried out on every fourth day by most probable number 
(MPN) method. Total volume of gas produced, the 
percentage methane and redox potential of fermenting slurry 
were measured every day throughout the experiment. All 
the experiments were carried out in the Department of 
Microbiology, MACS Research Institute, Pune. 

It can be seen from Figure 1 that the MPN of 
methanogenic bacteria reached the maximum level on day 
12 and then declined to reach the lowest level on day 48. 
Biogas production was evident from day 4 but methaile 
was first detected on day 8, methane percentage of biogas 
remained between 55 and 63.2% during the period of 
digestion. The MPN of sulphate-reducing bacteria reached 
the maximum level on day 12 and then declined to reach 
the lowest level on day 52. The initial concentration of 
sulphate of 21 mM was reduced rapidly to 6 mm on day 8 
and then gradually to 1 mM on day 24 with no further 
decrease during the subsequent course of digestion. 

The MPN of denitrifying bacteria (Figure 2) reached 
the maximum level on day 12 followed by gradual decrease 
on day 40. It then remained constant during the subsequent 
course of digestion. The concentration of nitrate declined 
and reached the lowest level of 14 mM on day 20 and 
then remained constant throughout. The initial redox 
potential was gradually reduced till day 24. 
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Figure 2 . Ecology of batch anaerobic digestion of cattle dung with 
special reference to denitrification. 


It has been reported earlier^ that 10 mM concentration 
of sulphate inhibited methanogenesis in lake sediments. 
In the present studies it was observed that initial 
concentration of sulphate in cattle dung slurry was 21 mM. 

It was seen that methane was detected only when sulphate 
concentration dropped to 6 mM on day 8. The quantity of 
biogas produced during the first seven days was relatively 
small and did not contain any methane. These results 
supported the findings of Cappenberg^, and Martens and 
Berner"^, who have reported that methane was not produced 
in marine sediments until after the depletion of sulphate. 

During the period of digestion initially there was rise in 
MPN of methanogenic and sulphate-reducing bacteria. 
Methane production increased to its peak when sulphate 
level was minimum. These findings indicate that during 
the initial non-methanogenic phase of anaerobic digestion 
sulphate-reducing bacteria play an important role in reducing 
the sulphate content of the fermenting slurry to bring it to 
a minimal level. The increase in gas production after six 
days might be due to interspecies hydrogen transfer between 
sulphate-reducing and methanogenic bacteria as reported 
by Mah et al^ 

When the data on the denitrifying population, the nitrate 
content of the fermenting slurry, and the redox potential 
{E^ during the course of digestion are compared, it becomes 
evident that a rise in MPN of denitrifying bacteria was 
concomitant with a drop in redox potential of the fermenting 
slurry. Since the methanogenic bacteria require very low 
redox potential for their growth it can be said that denitrifying 
bacteria help methanogenesis by reducing redox potential. 

The present results thus establish the exact role of sulphate- 
reducing and denitrifying bacteria in the non-methanogenic 
phase. The sulphate-reducing bacteria reduce the sulphate 
content of the fermenting slurry, and the denitrifying bacteria 
help to establish the anaerobiosis by reducing the through 
utilization of nitrate. 


Figure 1. Ecology of batch anaerobic digestion of cattle dung with 1. Cappenberg, T. E., Antonie van Leeuwenhoek J. Microbiol Serol, 

special reference to sulphate reduction. 1974 ^ 40 ^ 285. 
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The ortho cleavage of catechol by 
Azotobacter chroococcum 

S. Balajee and A. Mahadevan 

Centre for Advanced Study in Botany, University of Madras, 

Madras 600 025, India 

Azotobacter chroococcum utilized catechol as sole carbon 
source. Maximum growth was supported by 2 mM. 
Catechol was cleaved by the ortho pathway mediated 
by catechol 1,2-dioxygenase. 

In an effort to isolate efficient strains of Azotobacter ihdit 
would rapidly cleave phenolic waste, we isolated a strain 
of Azotobacter chroococcum from Kalakad Reserve Forest, 
Tamil Nadu. Among the dihydric phenols which are 
substrates for ring cleavage, catechol is the most prominent 
one‘, Azotobacters are known to cleave catechol by the 
meta pathway-. A study'’ of benzoate catabolism in 
Azotobacter sp. established the oxalocrotonate branch for 
meta cleavage of catechol. 

A. chroococcum strain MSBl was grown in nitrogen- 
free growth medium (mannitol, 5 g; K^HPO^, 0.03 g; 
MgS0^2Hp, 0.2 g; Na,SO^ 10H,O, 0.2 g; CaCl^, 0.01 g; 
Na^MoO^THp, 0.005 g; FeSO, 7H,0, 0.002 g; distilled 
water 1000 ml; pH 7.0) to which filter sterilized catechol 
at different concentrations was added. The cells were grown 
at 30°C at 125 rpm in an orbital shaker. After 3 days of 
incubation the mode of ring cleavage was determined by 
Rothera’s reaction"^ and by the assay of catechol 1,2- 
dioxygenase-\ 

Catechol was utilized by A. chroococcum after 8 h. 
Catechol at 2 mM was a better carbon , substrate than at 
5 mM; 10 mM was inhibitory, 20 mM was toxic (Figure 
1). The generation time of the bacterium in 2 mM catechol 
was 4.7 h. Rothera reaction with catechol-grown cells yielded 
deep purple colour indicating the ortho cleavage of catechol 
and the presence of keto compounds. Catechol-grown cells 
displayed catechol 1,2-dioxygenase activity as evidenced 
by decrease in O.D. at 278 nm, the absorption maxima of 
catechol and increase in 258 nm, indicating cisrcis muconic 
acid formation (Figure 2, a). The specific activity of the 



Figure 1. Growth of A. chroococum in catechol. 



Qis,C 2 S-muconic acid 2“ Hydroxy muconic 
semiQldehyde 


Figure 2. Ring cleavage of catechol, a. Ortho cleavage, b, meta 
cleavage. 

enzyme was 1.8. No catechol 2,3-dioxygenase activity 
was detected. 

This is the first report on the ortho cleavage of catechol 
by A. chroococcum in contrast to the existing reports on 
the meta cleavage (Figure 2, b). Not surprisingly this 
bacterium also efficiently cleaved 2,4-D (ref 6), which 
could be attributed to the presence of the ortho enzyme, 
since meta enzyme is irreversibly inactivated^. 
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Autosomal chromosomes carrying sex 
genes in Momordica dioica Roxb. 

U. C. Jha 

Department of Botany, North-Eastern Hill University, Shillong 793 014, 
India 

Cucurbits display a variety of sex forms ranging from 
hermaphroditism to dioecism through monoecism and 
other intermediate type. Precocious separation of 
bivalents in the species during meiotic phase cannot be 
explained on the basis of heteromorphic nature of 
chromosome as all the chromosomes were smaller in 
size. The character indicates its incipient heteromorphy 
in which total chromosome length in not taking part in 
sex expression, rather the autosomes carrying sex- 
deciding genes. This species exhibits intermediate stage 
of sex mechanism where one pair of autosomes is 
responsible for sexual dimorphism. 

Cucurbits exhibit a variety of sex forms. In the dioecious 
species of the family, sex mechanism has been explained 
entirely on the genic basis of sexual dimorphism without 
any cytological manifestation, e.g. Lujfa echinataK In some 
dioecious species it has been studied on XA" chromosome 
basis {Coccinia indica) where distinctly heteromorphic pair 
of chromosomes is present-. An intermediate type of sex 
mechanism has been reported in Trichosanthes dioica^ on 
the basis of homologus chromosome complements expressed 
during microsporogenesis in the male which is an indicative 
of incipient type of sexual dimorphism. 

Momordica dioica is a perennial, rhizomatous and 
distinctly dioecious species of the family Cucurbitaceae*^. 
Somatic chromosome number^*'’ is 2n = 28 and hetero- 
morphic bivalents are reported earlier^ But this has not been 
confirmed in later studies. The present paper deals with 
the autosomal behaviour carrying sex genes in diploid and 
induced polyploid cytotypes of M. dioica and is being 
reported for the first time. 

For meiotic analysis young staminate floral buds were 
fixed in 1 : 3 acetoalcohol in both the cytotypes. In diploid 
cytotype it has been found that one pair of chromosomes 
showed precocious separation at late metaphase I (Figure 
1 , a). All the chromosomes were found to be arranged on 
the equatorial plane except two that separated ^arly and 
moved far from the equatorial plane. Polyploidization was 
induced in the species by colchicine treatment^. 
Autotetraploid cytotype showed bivalent and quadrivalent 
associations. Segregation behaviour in one pair of 
chromosomes (Figure 1, h) has also been met with during 
metaphase and anaphase. Separation pattern of chromosomes 
in both the cytotypes remained the same. 

Precocious separation of bivalents during metaphase and 
anaphase I and II meiosis in the diploids and autotetraploids 
cannot be judged on the basis of heteromorphic nature of 
the chromosomes, because in both the cases chromosomes 
are smaller in size and do not differ in morphology. Hence, 
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Figure 1. a, Metaphase of meiosis in diploid M. dioica with 
precocious separation, b, Metaphase in colchiploid shows early separation 
of chromosomes. 

sex mechanism in M. dioica does not follow the X/Y 
chromosomal basis. Precocious separation during metaphase 
or non-disjunction behaviour of chromosomes during 
anaphase can be explained on the basis of incipient 
heteromorphic pair of chromosomes which revealed similar 
morphology but differs in segregating pattern during the 
meiotic phase^. It may be assumed that total chromosome 
length of such a homologous pair is not responsible for 
sex expression in this species as it is in Melandrium alburn}^ 
and Coccinia indica^ \ rather the autosomes carrying sex- 
deciding genes in M. dioica favour the production of male 
and female dioecious plants; and the block of genes in 
staminate plants cause early separation of chromosome 
during metaphase and anaphase due to the heterogametic 
nature in male sex. In other way, the aberrant nature of 
one pair of chromosomes suggests that this pair carries 
sex-deciding genes without any heteromorphy. It indicates 
that M. dioica exhibits intermediate stage towards 
chromosomal basis of dioecism in which a pair of autosomes 
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associated with sexual dimorphism are structurally 
homomorphic but the linkage group provides a very short 
homologous segment and a large differential one causing 
precocious separation during metaphase. 
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Genotype-dependent response to 
Azospirillum treatment in yield and 
nitrogenase activity in Brassica juncea 

L. 
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Divisions of Genetics, *Microbiology, Indian Agricultural Research 
Institute, New Delhi 110 012, India 

Twelve advanced lines of mustard (Brassica juncea L.) 
were evaluated for response to treatment with 
Azospirillum brasilense in yield and a few components. 
Two lines gave yield increases with concomitant increases 
in nitrogenase activity and Azospirillum population. In 
general, there were desirable and significant correlations 
between plot yield, nitrogenase activity and log^ 
(Azospirillum population). The results point to the 
possibility of utilizing genotype-dependent response to 
Azospirillum in breeding programmes and also for 
exploring new avenues of Azospirillum-bsised cultural 
practices in sustaining improved productivity. 

In the context of imperative need for increasing and 
sustaining productivity in oleiferous Brassicae, the utility 
of bio-fertilizing agents assumes crucical importance. 
Azospirillum has been reported to be a good microaerophilic 
nitrogen fixer in several plants’’^. Its potential to increase 
grain yields has been recorded in crops like sorghum, 
pearl millet, ragi and barley, though the magnitude of 
improvement varied with the crop and genotypes.. The 
utility of such biofertilization in Brassica did not appear 
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to have been examined or reported so far. This paper 
summarizes the results of a pilot study on the response of 
Brassica juncea to seed treatment with Azospirillum 
brasilense. 

Ten advanced lines of B. juncea developed in the Oilseeds 
Unit of the Indian Agricultural Research Institute, and the 
two checks, Pusa Bold and Pusa Barani formed the material. 
Seeds of the lines were coated with A. brasilense following 
the procedure outlined by Subba Rao et al.^ Thus in each 
line there were two treatments—control, and treated with 
Azospirillum. The material was grown in a split-plot design 
with three replications, with the lines allotted to main 
plots and the two treatments to sub-plots. The plot size 
was five rows of 5 m length, with inter-row space of 60 
cm and inter-plant distance of 10 to 15 cm. The crop was 
raised under normal agronomic and cultural practices. The 
crop was free of diseases; but aphids were controlled by 
timely application of the insectiside, Rogor. 

Observations were recorded on plot yield (g) and on the 
following characters on samples of five plants, with mean 
values being used for statistical analysis: plant height (cm), 
number of primary branches, number of secondary branches 
and biomass (g). The presence of Azospirillum in the 
rhizosphere soil was detected by the most probable number 
(MPN) method"^. The bacterial population in the 
endorhizosphere was estimated by macerating one gram 
of fresh roots after surface-sterilizing the roots with 0.1% 
chloramine-T for 30 min and making to 10-fold serial 
dilutions in sterile distilled water. The MPN counts were 
taken according to Alexander"^ and the population expressed 
as per g dry soil or per g fresh weight of roots. The cell 
count values were transformed to log scale to remove 
non-normality for further analysis. The acetylene reduction 
assay suggested by Hardy et al.^ was used to assess the 
nitrogenase activity in excised roots. 

The variation arnong the lines was significant for plot 
yield and the three characters—log^, (Azospirillum population 
in rhizosphere, RHS), log^ (Azospirillum population in 
endorhizosphere, ERS) and nitrogenase activity (NGA). 
Treatment variation and the line ,x treatment interaction 
were significant for biomass, ERS and NGA; they were 
not significant for plot yield. 

The range of variation among the lines was high in the 
control lines for all characters except primary and secondary 
branches (Table 1). Azospirillum treatment enhanced the 
mean and the range of variation still further. Overall, plot 
yield showed a little but non-significant depression under 
treatment. In general, the coefficient of variation (CV) for 
the treated lines was much higher than the corresponding 
values for control, though for Azospirillum cell count and 
nitrogenase activity there were either no differences or a 
nominal decrease in the CV of treated lines. 

However, a few cultures responded to the Azospirillum 
treatment and could show significant improvement over 
control for primary branches, biomass and plot yield (Table 
2). The improvement was relatively higher for other 
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Table 1. Mean and range of variation for various traits in B. juncea. 



Control 


Treated 


Genetic 

variance 

among 

lines 

Character 

Range 

Mean 

CV 

Range 

Mean 

CV 

Plant height (cm) 

148-204 

173 

9 

151-208 

174 

10 

228 .27 

Primary branches 

5-7 

6 

8 

6-7 

6 

7 

0.0012 

Secondary branches 

10-17 

13 

15 

19-18 

13 

20 

0.55 

Biomass (g) 

68-127 

106 

18 

78-176 

110 

27 

64 .96 

Plot yield (g) 
log {Azospirillum 

1220-2987 

2391 

22 

1267-3060 

2291 

25 

0.27 

population) 

Rhizosphere (per g 

9-14 

12 

15 

15-23 

18 

12 

2.95 

soil) 

Endorhizosphere (per 

7-10 

8 

11 

11-16 

12 

12 

0.43 

g fresh root weight) 

Nitrogenase activity 

4-13 

6 

48 

6-22 

11 

39 

12.10 

(umol C^H^/h/g fresh 
root weight) 


Table 2. Significant improvement (%) in some characters with application of 
A. brasilense in B. juncea. 


Character 

Treated > Control 

Treated < Control 

Cultivar 

Improvement 

Cultivar 

Improvement 

Primary branches 

DIRA 326 

30 

_ 

_ 


DIRA 329 

20 

— 

— 


DIRA 333 

22 

— 


Secondary branches 

DIRA 326 

55 

DIRA 335 

24 


DIRA 329 

23 

Pusa Bold 

19 


DIRA 333 

43 

Pusa Barani 

29 


DIRA 337 

24 



Biomass 

DIRA 326 

160 

DIRA 335 

31 




Pusa Bold 

30 

Plot yield 

DIRA 313 

11 

DIRA 18 

26 


DIRA 335 

8 

DIRA 344 

12 


characters than for plot yield. The yield increase was not 
accompanied by simultaneous improvement in other 
characters. Some lines showed significant decrease in the 
values of secondary branches, biomass and plot yield under 
Azospirillum treatment. The results are thus suggestive of 
a genotype-dependent response to Azospirillum treatment. 

The observed improvements could be associated with 
significant and desirable correlation between yield (YLD) 
and some of the component characters defining increased 
nitrogenase activity. In particular, RHS, NGA and ERS 
were worth mentioning (n YLD~RHS = 0.546*; YLD- 
NGA = 0.457*; RHS-ERS = 0.896*). Further, the regression 
of plot yield on nitrogenase activity was significant (at 
P = 0.05) under Azospirillum treatment (b = 1.638*) and 
not significant under control (b = 2.027, not significant). 
In turn, the regression of the increase in nitrogenase activity 
in lines on the increase in RHS was significant (b = 5.428*). 
Thus the results would suggest that Azospirillum count in 
rhizosphere could have accentuated nitrogenase activity 
resulting in better nitrogen remobilization and thereby in 
increased yields. Such a view is also supported by the 
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desirable and positive increases in the values of RHS, 
ERS and NGA in cultures that recorded increases in plot 
yield (Table 3). But such increases were not observed in 
the relatively high-yielding checks, Pusa Bold and Pusa 
Barani, which recorded high increases in nitrogenase activity. 
It is possible that the Azospirillum population had already 
reached the required threshold in the check varieties; as a 
consequence, further increases in cell count and hence 
nitrogenase activity could not result in proportionate 
increases in yield. By the same logic, lines like DIRA 
313, DIRA 335 which did not possibly reach such thresholds 
in Azospirillum population and nitrogenase activity could 
record appreciable yield increases (Table 3). Thus the 
observation that there is genotype-dependent response for 
Azospirillum treatment in B. juncea gains further ground. 
Earlier work has also shown differential response to 
Azospirillum in varying growth environments and various 
crops’'*. In particular, Azospirillum treatment combined 
with low doses of nitrogenous fertilizer gave responses 
equivalent to those obtainable under high doses of N 
application, entailing considerable saving in fossil fuel 
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Table 3. Increase in mean values of some characters in Azospirillum treat¬ 
ment over control in specific lines of B.juncea. 


Line 

Biomass 


Log^ (Azospirillum 
population) 

Endorhi- 

zosphere 

(per g fresh Nitrogenase 
root weight) activity 

Plot 

yield 

Rhizosphere 
(per g soil) 

DIRA313 

21.8 

0.21 

5.92 

4.94 

4.75 

DIRA 335 

- 34.7 

0.23 

6.36 

3.30 

7.50 

Pusa Bold 

-32.9 

-0.21 

6.61 

6.32 

6.59 

Pusa Barani 

- 11.0 

-0.14 

9.05 

8.60 

9.17 

Isd 

43.78 

0.38 

2.44 

2.05 

2.87 


depleting chemical fertilizers. With such possibilities, 
breeding for higher productivity in B. juncea begets an 
expanded horizon in which (i) increases due to combined 
application (of low doses) of N with Azospirillum, and 
(ii) exploitation of genotype environment-dependent 
Azospirillum response becomes feasible propositions to 
reckon with. 
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A novel agar-based food attractant for 
uzi fly (Exorista sorbillans) 

S. Sighamony, I. Anees, T. S. Chandrakala and Kaiser 
Jamil 

Biology Division, Indian Institute of Chemical Technology, 

Hyderabad 500 007, India 

The use of attractants for trapping insects is well known. 
In experiments with the uzi fly, Exorista sorbillans^ whose 
larval stage is endoparasitic in the silkworm Bombyx 
moriy we found that odoriferous compounds like citral 
and vanillin were good attractants. The agar-based food 
attractant suggested in the present study for trapping 
uzi fly contains jaggery, o-maltose, citral, vanillin and 
weak formaldehyde. These compounds are also safe to 
non-target organisms. The results suggest that this food 
formulation can he employed as bait to trap uzi flies. 

The introduction of uzi fly {Exorista sorbillans Wied; 
Tachinidae: Diptera), a serious pest of the silkworm Bombyx 


mori L., into this country illustrates the need for a constant 
vigil to prevent the spread that can play havoc in, silk 
industry^""^. Attractants can be of great aid in the early 
detection of a non-indigenous species before it gains a 
firm foothold. Interest in insect attractants has also been 
spurred by the possibility that they may provide at least a 
partial answer to the growing problem of harm to non¬ 
target species. 

Insect attractants may be used for two general purposes: 
for surveys and for aiding in the control of insect infestations. 
These methods are environmentally safe and sound and 
more popular in recent times. Experience has shown that 
attractants may be found in compounds that occur in the 
natural environment of the insect but majority of known 
attractants are associated with insect feeding. Many studies 
and attempts'*^-^ have been made towards controlling uzi 
fly populations, but no practical or effective area-wide 
abatement measures have been formulated so far. 

In the present study,, diet-based formulations have been 
tried for the first time as a control strategy of uzi fly 
infestation. 

Uzi-pupae were procured from the Karnataka State 
Sericulture Development Institute, Bangalore and were 
allowed to emerge in the laboratory in netted cages of 
45 X 45 X 45 cm. Agar-based food attractants were 
formulated using jaggery as the source of food because 
jaggery (10 g) and agar powder (3 g) heated in 100 ml 
water, cooled and set in petri dishes attracted uzi flies. 
This was used as the base attractant (FA) for all experiments. 
In order to achieve greater attractiveness sugars like glucose, 
fructose, maltose and sucrose were mixed separately with 
the agar base medium (in different formulations, Table 1). 
In the literature, sugar, protein hydrolysate or cereal products 
were used as food lures“ along with a toxicant in formulating 
baits and in testing several natural products as attractants 
for Musca domestica hulleta^, a 10% aqueous solution of 


Table 1. The agar base food formulations as attractants for uzi.flies. 





Formulations 



Food 

component 

a 

b 

c 

d 

e 

f 

Agar 

A 

A 

A 

A 

A 

A 

Jaggery 

A 

A 

A 

A 

A 

A 

D-maltose 

A 

A 

N 

N 

N 

A 

D-Glucose 

N 

N 

A 

N 

N 

N 

Sucrose 

N 

N 

N 

A 

N 

A 

Fructose 

N 

N 

N 

N 

A 

A 

Vanillin alone 

A 

N 

N 

A 

A 

N 

Vanillin in 
ethyl alcohol 

N 

A 

A 

N 

N 

A 

Citral 

N 

A 

N 

A 

N 

A 

Scoring 

++ 

+++ 

+ 

+-I- 

+ 

+++ 

+, Mild attraction; 


Good 

attraction; 

+++, 

Highly 

attractive; 


A, Added; N, Not added. 
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Figure 1. Photograph showing the higher attractiveness of the food 
attractant in comparison to the basal attractant. 

malt extract was reported to be most effective. In our 
investigation chemical compounds of natural or synthetic 
origin were screened and incorporated in the selected 
formulated diet (Table 1). Among the materials tested, 
vanillin, (3-methoxy-l, 4-hydroxybenzaldehyde), citral (3,7- 
dimethyl-2, 6-octadienal) and ethyl alcohol gave positive 
response. The addition of weak formaldehyde vapours, in 
the final standard food attractant served as antifungal 
agent and also as an attractant. This chemical has been 
reported as a stimulant factor for house-fly'®. 

All the food attractants prepared were screened essentially 
by counting the number of caged flies attracted by food in 
the petri dishes and the total number of flies in the 
observation cages. The observations were continued for 
4-6 h at 27 ± 1°C and 50-55 RH. Per cent attractancy 
was calculated and scored. 

In general food luyes are used in combination with a 
toxicant to help combat injurious species. In the case of 
uzi flies, which parasitize silkworms, insecticidal sprays 
are not advisable since they can harm silkworms. The 
food attractant has been formulated by comparing the 
attractiveness. Addition of citral, and vanillin in ethyl alcohol 
greatly increased the attractiveness to uzi flies. The 
proteinaceous lure" developed for oriental fruit flies and 
for both sexes of melon flies became thq standard attractant. 
Methyl lineolate, the main constituent of pine needle juice 
was reported a potent food lure for the pine weevil'^. 

A diet formulation having citral caused immediate 
attractiveness whereas FA prepared by adding 2% vanillin 
in ethyl alcohol worked out as an arrestant for the flies 
since they could not move away from the source. Attraction 
to citral could be due to similarity of its odour to something 
in the natural environment of the flies. The attraction of 
mulberry leaves to silkworms'^ may be due to the presence 
of certain terpenes as food stimulants, and citral is one of 
them. Citral" has also been used as an attractant for Japanese 
beetles and cooling moths. Vanillin was shown® to attract 
^"ental fruit flies. In olfactometer tests, ethyl alcohol/ 


malt extract'® headed a list of attractants for house flies, 
the effect was potentiated by weak formaldehyde vapour. 

The attractiveness of the standard food attractant to both 
sexes of uzi flies was 90% which exceeded the sum of 
those exhibited by the individual ingredients. It is seen 
that odoriferous products like citral and vanillin influence 
the chemosensory behaviour of the uzi and making it orient 
itself to the food attractants. These volatile compounds in 
minor quantities are environmentally safe and sound for 
all non-target organisms. 

The present results suggest that the food composition 
can be employed as baits to trap uzi flies. 
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Baculoviruses from two lepidopterans: 
Eupterote cardamomi and Agrotis ipsilon 

R. J. Rabindra, S. Jayaraj, S. Parameswaran 
K. Natarajan and A. M. Huger* 

Centre for Plant Protection Studies, Tamil Nadu Agricultural University, 
Coimbatore 641 003, India 

*Biolog. Bundesanstalt, Institute for Biolpgische, Schadlingsbekampfung, 
D-6100 Darmstadt, FRG 

A nuclear polyhedrosis virus (NPV) from the cardamom 
hairy caterpillar Eupterote cardamomi^ which infests 
cardamom, and a granulosis virus (GV) from the black 
cut worm Agrotis ipsilon^ which infests potato, were 
isolated. Electron microscopic observations showed that 
the E. cardamomi NPV is a multiple nucleocapsid 
enveloped virus. It was highly virulent against third- 
instar larvae of E, cardamomi. The A. ipsilon GV 
produced only 20% mortality in A. ipsilon larvae. 
Electron micrographs of capsules revealed a single rod¬ 
shaped virion per capsule. 
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During a survey of the Western Ghats in the State of 
Tamil Nadu in India for the occurrence of entomopathogens, 
two baculoviruses, a nuclear polyhedrosis virus (NPV) from 
the cardamom hairy caterpillar Eupterote cardamomi and 
a granulosis virus (GV) from the black cut worm Agrotis 
ipsilon, were isolated. There seems to be no previous reports 
on the natural occurrence of NPV in E. cardamomi. The 
GV of A. ipsilon however has been included in the catalogue 
on viral diseases of insects'. But the virus has not been 
previously reported from India. In field experiments, 
however, the GV from Agrotis segetum was reported to be 
very effective against larvae of A, ipsilon^. 

E. cardamomi is a seasonal pest on cardamom, often 
causing extensive defoliation during June-July. During 
1986, the occurrence of diseased larvae with symptoms 
characteristic of NPV was noticed among field populations 


of E. cardamomi on cardamom. Smears of diseased larvae 
examined under the phase contrast microscope revealed 
the polyhedra in the nuclei of cells of fat body and tracheal 
matrix. The polyhedra ranged from 0.8 to 1.5 pm with a 
mean {n = 20) of 1.21 pm ± 0.16 (Figure 1, a). Electron 
micrographs of alkali (0.05 N NaOH)-treated polyhedra 
stained with phosphotungstic acid (PTA) showed that the 
virus is a multiple nucleocapsid enveloped NPV (Figure 
1, h and c). The nucleocapsids measured 295 x40 nm. 
Inoculation of third instar larvae of E. cardamomi with 
the virus produced 100% mortality in 3-5 days. Due to its 
high virulence, the virus may prove to be a promising 
agent in the control of E. cardamomi on cardamom, an 
important spice crop in the hills of Tamil Nadu. 

The black cut worm A. ipsilon is a serious pest of potatoes 
in India. A nuclear polyhedrosis virus has been reported 



Figure 1. Electron micrographs of a nuclear polyhedrosis virus of Eupterote cardamomi. a. Purified polyhedral virus occlusion 
bodies stained with PTA. Bar= 1 pm. b, Two polyhedral virus occlusion bodies briefly exposed in situ to 0.05 N NaOH and negatively 
stained with PTA; the polyhedrin is partially dissolved, thus exhibiting enveloped bundles of virus nucleo-capsids (arrows). Bar = 1 pm. c, 
Higher magnification of bundles of rod-shaped virus nucleocapsids (arrows) common to a single envelope, negatively stained with 
PTA. Bar = 500nm. 
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Figure 2. Electron micrographs of a granulosis virus of Agrotis ipsilon. a, Capsule-shaped virus occlusion bodies stained with PTA. 
b. Partially dissolved (0.1 N NaOH) capsules, each displaying a single rod-shaped virus particle (arrows), negatively stained with 
F*TA. Bar for a and b= 1 jum. 


from A. ipsilon earlierl During 1986, a few larvae of 
A. ipsilon collected from potato fields in two different hill 
tracts in Tamil Nadu—^Nilgiris and Kodaikanal—^were found 
to be infected with a granulosis virus. The virus, however, 
was not found to be very virulent. Upon inoculation qf 
third instar larvae of A. ipsilon with a heavy dose of capsules 
by the diet-surface contamination method, only 20% 
mortality could be obtained 10-12 days after inoculation. 
There were no significant differences in mortality rates 
when the inoculated larvae were maintained at room 
temperature (22-3UC) or at 20 ± 1°C. 

Paraffin sections of larvae stained with the modified 
azan staining technique^, revealed the presence of capsules 
in the fat body cells. Light infections of cells of hypodermis 
and tracheal matrix could also be seen, and hence the 
virus can be placed under the polyorganotropic typeL 
Sections stained with Heidenhain’s haematoxyli^ showed 
a dark blue network in the highly hypertrophied nuclei 
characteristic of granulosis infections. 

Electron micrographs of capsules briefly treated with 
1/10 N NaOH and. negatively stained with PTA revealed a 
single rod-shaped virion per capsule (Figure 2, h). The 
size of the capsules averaged 420 x 225 nm (Figure 2, a), 
and that of the virions 300 x 65 nm. 


1. Martignoni, M. E. and Iwai, P. J., USD A Forest Service, Pacific 
North West Research Station, General Technical Report, 1986,. 
PNW-195. 


2. Shah, B. H., Zethner, O., Gul, H. and Chaudhry, I. M., 
Entomophaga, 1979, 24, 393. 

3. Tsai, S. Y., Hwang, G. H. and Ding, T., Acta EntomoL Sin., 1978, 
21 , 101 . 

4. Hamm, J. J., J. Invertebr. Pathol., 1966, 8, 125. 

5. Martignoni, M. E., Mitt. Schweiz. An.st. Forstl. Versuchswes, 1957, 
32, 371. 

6. Hunger, A., J. Insect. Pathol., 1961, 3, 338. 

22 December 1989 


Successful transmission of Leishmania 
donovani in Indian langurs {Presbytis 
entellus) 

Anuradha, R. Pal, P. Y. Guru, J. C. Katiyar and 
N. Sethi 

Divisions of Parasitology and Toxicology, Central Drug Research 
Institute, P. B. No. 173, Lucknow 226 001, India 

Successful transmission of Leishmania donovani infection 
in Indian langurs {Presbytis entellus) has been achieved 
following single intravenous inoculation of l,xlO^ 
amastigotes. The infected animals survived for 105 ± 5 
days. The parasite count following natural death/autopsy 
was found to be 6-39, 3-7 and 1-13 per 100 cell nuclei 
in spleen, liver and bone marrow respectively. The 
haematological picture in acute phase of infection (day 
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90 p.i,) revealed anaemia (due to lov^ering Hb%, RBC 
count and Hct%) and marked dipression in the total as 
well as relative counts of polymorphs and platelets — a 
picture identical to kala-azar of man. The study suggests 
that langurs are suitable non-human primates for various 
experimentation in visceral leishmaniasis. 

Several rodents (mice, guinea pigs, hamsters)*, carnivores 
(dog)^ and non-human primates (opossum, Didelphis 
marsupialis\ owl monkey, Aotus trivirgatus and squirrel 
monkey, Saimiri sciureaf~^ have been found susceptible 
to Leishmania donovani, the causative agent of dreaded 
protozoan disease, visceral leishmaniasis. The parasite is 
highly pathogenic to some of these species-\ killing the 
hosts within 50-60 days of infection, whereas in others, 
the results are not corroborative with those in the target 
host, man. The Indian langur (Preshytis entellus), which is 
phylogenetically and physiologically close resemblance to 
man, has not as been explored as a host for L. donovani. 
These monkeys, if found susceptible, could well become 
the most favourite experimental hosts for leishmaniasis, 
and will be comparatively ecnomical. Our efforts have led 
to successful transmission of L. donovani in langurs. This 
is perhaps the first report in this direction. 

The strain of L. donovani (MAN/IN/80/Dd8), originally 
isolated in 1979 from Bihar, was obtained through Dr 
P.C.C. Graham, Imperial College, London. The LD bodies 
(amastigotes) were isolated from heavily infected hamster 
spleen^ and suspended in locke’s solution to a concentration 
of 1 X 10^ amastigotes per 0.1 ml. 

Four young male Indian langurs weighing 3-4 kg were 
each inoculated on the forearm with 1x10^ amastigotes 
intravenously. The animals were maintained under standard 
laboratory conditions and were given food and water ad 
libitum. These were constantly observed for general condition 
during the experimental period. The haematological 
parameters (Hb, TLC, DLC, RBC, Hct, MCV, ESR and 
platelet count) were assessed on days 35 and 90 p.i. The 
parasitic counts were assessed from spleen, liver and bone 
marrow^ when the langurs died. 

Around 2 months p.i., all the monkeys became listless 
and weak. The deterioration in their condition continued 
till the death occurred. Blood screened on day 35 p.i. did 
not reveal any diversion from normal values (Table 1). 
However, by day 90 to day 110 p.i. there was significant 
lowering of haemoglobin, RBC and Hct. There was marked 
depression in the total as well as relative counts of 
polymorphs and platelets and elevation in lymphocytes. 
The parasite counts in spleen, liver and bone marrow were 
6-39, 3-7 and 1-13 respectively per 100 cell nuclei (Figure 
1, a-c). Skin was devoid of amastigotes. 

The splenic aspirate from infected langurs was cultured 
in vitro in NNN medium with RPMI-1640 as an overlay*^. 
On day 7 p.i., the amastigotes transformed to viable 
promastigotes which were capable of infecting the 
macrophages in vitro. 
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Laboratory animals other than non-human primates differ 
greatly in metabolism and pharmacokinetic behaviour of 
drugs. The results obtained on these animals have poor 
extrapolation to human situation. Indian langurs evolfe 
responses parallel to man in respect of c|rugs and therefore, 
these are the preferred animals for secondary screening. 
As with other diseases®’^ in leishmaniasis too, the langurs 
probably will allow better translation of experimental results 
to humans. In human leishmaniasis, the parasites are mainly 



Figure 1. Dab smears showing amastigotes (arrow) of Leishmania 
donovani on day 104 post infection in langur, Giemsa stained, (X 900). 
fl. Spleen; b. Liver; c, Bone marrow. 
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concentrated in organs like liver, spleen and bone marrow. 
In langurs also the level of infection at primary sites 
simulates the disease process in mart—the target host. 

The successful transmission of L. donovani to Indian 
langurs and near identical alteration in blood parameters 
to man are likely to make langurs as the most favourite 
host for experimentation on visceral leishmaniasis. Attempts 
are on to assess chemotherapeutic and immunological 
responses of langurs to L. donovani to rank this as the 
prime host of leishmaniasis. 
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Effect of heat shock on the different 
phases of the mitotic cycle in Physarum 
polycephalum 

P. R. Manish Kumar and Vimala R. Nair 

Department of Zoology, University of Calicut, Calicut 673 635, India 

In view of the heat-labile nature of the mitosis-triggering 
substance, heat shock (from 24®C to 37°C for 30 min) 
was given to synchronously mitotic plasmodia of the 
myxomycete Physarum polycephalum at short intervals 
during the course of one mitotic cycle. The S phase was 
found to be least sensitive to heat shock, whereas delay 
increased throughout G 2 till the transition point with 
respect to heat shock. This point was at about 30 min 
before metaphase. Heat shock given between transition 
point and onset of metaphase did not produce any mitotic 
delay, but resulted in abortive mitosis. Least-squares 
fitting of the delay curve has been carried out. The 
delay pattern for late G 2 in our study differs from that 
of an earlier study and this aspect is discussed. 

As part of a programme of study employing perturbers to 
understand the triggering mechanism of mitosiswe have 
now analysed the heat-shock sensitivity of the plasmodium 
of the myxomycete, Physarum polycephalum, during the 
different phases of a mitotic cycle, that is, from one 
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metaphase to the next. The choice of elevated temperature 
as a perturber of the mitotic cycle is because of its postulated 
effect on a heat-labile mitotic-triggering substance in 
Physarum"^, and also on similar substances in certain oth'er 
organisms^. The pattern of the heat-induced, mitotic delay 
curve which we have obtained for the phase of this 
organism, differs from that of an earlier study^, and hence 
is reported here. 

The plasmodium of P. polycephalum is a syncytial system 
and the large number of nuclei within it are naturally 
synchronous with respect to mitosis and so this has been a 
favourite rhodel system^"^, with those who study cell cycle 
control mechanisms, particularly the triggering of mitosis'^. 

In our laboratory, the Wisconsin strain (M3C) of this 
organism was grown as microplasmodia, in suspension 
cultures, on a semi-defined medium (SDM)^’ at 24°C. 
Although nuclei in each microplasmodium divide in 
synchrony, the microplasmodia in a culture are random 
with respect to mitosis. Therefore large, mitotically 
synchronous surface plasmodia (macropl^smodia) were made 
by fusion of several microplasmodia (0.4 ml packed 
suspension) onto Whatman no. 40 filter paper‘d Such fused 
plasrnodia on filter paper were placed in petri plates supplied 
with SDM. At regular intervals after fusion, synchronous 
mitosis was observed in these surface plasmodia. Sister 
surface plasmodia made from aliquots of pooled 
microplasmodial suspension are also mitotically synchronous 
with respect to each other. 

The plasmodia of P. polycephalum have no Gj phase 
and S phase starts soon after the telophase of mitosis and 
lasts for about a third of the mitotic cycle ^ I The rest of 
the period is G., phase, followed by mitosis. Mitotic timings 
and the phase of mitosis were determined by observing 
ethanol-fixed smears under a phase microscope"^. 

It would be interesting to see if the small difference in 
the initial growth temperature of the cultures in these two 
studies (26° C in Brewer and Rusch^, compared to the 24°C 
of our experiments) would lead to such a difference in 
mitotic delay pattern, the strain of Physarum used being 
the same. The nature of the thermosensitive mitotic 
substance, which may act through a polymeric structure 
as proposed by Wright and Tollon"\ indicates such a 
possibility. Moreover, since various components of the 
mitotic trigger are so very delicately balanced'^, it is possible 
that evep minor differences of this type could be crucial 
in perturbation studies dealing with mitotic cycle timings. 

By the second mitosis after fusion, each surface 
plasmodium made as above, had grown large enough (a 
diameter of approx. 5 cm), so that we were able to cut out 
five sectors from each of them. Cutting of the plasmodium 
into sectors of desired size is made easy because of the 
growth of the plasmodium on filter paper. For a single 
experiment, covering the approximately 12 h cycle time 
from the second post-fusion mitosis (PFM) to the third 
PFM at regular intervals, large number of such sectors 
were required. After leaving a sector from every plasmodium 
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II PFM ^ 

Figure 1. Graph showing mitotic delay induced by heat shock given at 
different times during the mitotic cycle. Abscissa: time of heat shock (h) 
in relation to the third PFM of control which is the zero point. The points 
marked on the graph denote the beginning of the heat shock treatment. 
Ordinate: delay (h) induced by heat shock in relation to the time of 
metaphase in the control sectors. M II, Second PFM; M III, Third PFM. 
Least squares fitted formula: 

6.36125-5.19437+ 1.46561 

d = 0.048383 +-- —pr- —^ 

t t- r 

d, delay (h); r, heat shock time (h) prior to metaphase. 


as a control at 24°C, the rest of the sectors were heat 
shocked for 30 min, at desired intervals, by transferring 
them from their temperature of growth (24°C), to prewarmed 
(37®C) SDM maintained in an incubator. After this period, 
the sectors were returned to 24®C. The third PFM (meta¬ 
phase) in the control sectors served as the reference point 
for calculating delay in the treated sectors. 

The experiment was repeated twice for the whole period 
of the mitotic cycle, and was repeated thrice more with 
respect to the phase alone, as this is the phase where 
our results differed from that of an earlier study^. Since 
determining the exact delay pattern for G 2 phase was crucial, 
heat shocks were applied at shorter intervals in two of our 
experiments covering this period. This was also necessary 
to locate the transition point (TP) with respect to heat shock. 

Data from different experiments are pooled and plotted 
in Figure 1. Following a convention in mitotic delay studies, 
metaphase of the control mitosis, which comes after the 
perturbation schedules, is shown as ‘0’ point on the abscissa 
and so the rest of the times of this axis are shown with a 
minus sign. Least-squares fitting of the delay curve has 
also been carried out. 

In agreement with the results of Brewer and Rusch^, we 
have observed that the S phase in the mitotic cycle is the 
least sensitive to heat shock. The mitotic delay due to 
heat shock was found to increase thereafter throughout 
G^, till the TP, at about 30 min before metaphase. Brewer 
and Rusch^, on the other hand, observed maximum mitotic 
delay in plasmodia heat-shocked 2 h prior to metaphase 
and fall in delay thereafter. 

We have also observed that heat shock given between 
the TP and the onset of metaphase does not delay mitosis. 
However, such treatments, resulted in an ‘abortive’ mitosis. 
This mitosis was abortive in that, no regular spindle was 
observed. Instead, fibrillar material was seen radiating from 
the condensed chromatin of the nuclei. Such nuclei revert 


to interphase, after a few hours, without undergoing mitosis. 
Others have also observed such abnormal nuclei, following 
heat shock applied during a crucial period prior to 
metaphase^’ 

Precise identification of the most sensitive phase and 
the TP with regard to a perturber of the mitotic cycle is 
required before any further anlaysis of its mode of action 
with respect to specific target molecules is made. This 
way the present observations would help in the planning 
and interpretation of future experiments on heat-sensitive, 
mitosis triggering proteins. 
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Comparative morphogenetic potential 
of haploid and diploid callus cultures of 
Brassica juncea L. 

R,. K. Goel, R. K. Jain and J. B. Chowdhury 

Department of Genetics, Haryana Agricultural University, 

Hisar 125 004, India 

Shoot morphogenetic potential of microspore and somatic 
explant-derived calli of Brassica juncea L. on different 
MS media have been compared. Shoot organogenesis 
could be induced in anther-derived haploid calli with 
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comparatively high frequencies (18-58%) and on a wider 
range of combinations of growth regulators. The highest 
regeneration frequency was obtained on zeatin + NAA 
medium. The number of shoots per regenerating callus 
varied considerably, with two of the anther calli 
regenerating more than 25 shoots in a single culture. 
In case of cotyledon and hypocotyl-derived callus cultures, 
only the calli initiated under light responded positively 
to shoot regeneration at ca 12% frequency and on only 
one medium each. Cotyledon calli regenerated on zeatin 
+ NAA medium and hypocotyl calli on BAP + lAA 
medium. Dark-grown white friable calli failed to yield 
any shoots. 

Development of plant regeneration protocols is a pre-requisite 
for'the successful application of various in vitro techniques. 
In Brassica juncea (Indian mustard, 2n = 36, genome 
formula—^AABB), a major oilseed crop of India, while 
such protocols have been developed for various explant 
tissues^"*^, are a few for anther cultures^ and somatic callus 
cultures in this crop species. Especially in the latter case, 
plant regeneration frequencies have been very low. This 
communication describes culture conditions for plant 
regeneration and differential shoot regeneration response 
in anther-derived haploid and somatic explant (cotyledon 
and hypocotyl)-derived calli. of B. juncea cv. Prakash. 

Anther and somatic explant cultures of B. Juncea L. cv. 
Prakash were raised according to the protocols described 
earlier^’ I Ploidy level of the anther-derived calli was assessed 
by pretreating the cells with colchicine for 3 h, fixing in 
Camoy’s II and squashing and staining in acetocarmine. 
Anther-derived calli that had haploid cells were used 
subsequently for regeneration studies. While anther calli 
were raised and maintained under dark before regeneration 
experiments, somatic explant calli were initiated both under 
light and dark. For shoot regeneration, about 2-months- 
old microspore and somatic explant-raised calli were cut 
into small pieces of approximately 50 mg weight each 
and transferred onto media with several different 
combinations of cytokinins and auxins (Table 1) in petri 
plates. Five calli were cultured per petri plate and 12 petri 
plates were used for each media treatment. The cultures 
were scored for shoot regenerants after 30 days. All the 
cultures were kept under 16 h photoperiod fluorescent 
light of 4000 lux intensity. All the media contained MS'® 
basal medium, 3% w/v sucrose and 0.8% w/v agar-agar 
and adjusted to pH 5.8 before autoclaving. 

The shoot regeneration data comparing the morphogenetic 
potential of the microspore- and somatic explant-derived 
calli on different media are presented in Table 1. Within 
10 days of culture, callus started differentiating certain 
nodular structures, which subsequently formed shoot buds. 
In another week, the buds gave rise to shoots. However, 
such a response varied considerably with the callus source, 
photoperiod condition during the callus initiation and 
maintenance and hormonal constitution of the medium 
(Table 1). Anther-derived haploid calli responded to shoot 
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Table 1. Shoot organogenesis in anther-, cotyledon- and Iiypocotyl- 
Iderived calli of Brassica juncea cv. Prakash. 

% Shoot regeneration 


Cytokinins 
(mg T') 

Auxins* 
(mg 1-') 

Microspore 

callus 

Cotyledon 

callus* 

Hypocotyl 

callus* 

BAP 

2.0 

lAA 

0.2 

0 

0 

12.0(1-5) 


2.0 

NAA 

0.2 

25.0(1-5) 

0 

0 

Kinetin 

2.0 

lAA 

0.2 

27.5(1-3) 

0 

0 


3.0 


0.5 

— 

0 

0 


10.0 


0.5 

33.3(1-5) 

— 

— 


2.0 

NAA 

0.2 

25.0(1-5) 

0 

0 


10.0 


0.5 

41.8(1-10) 

0 

0 

Zeatin 

1.0 

lAA 

0.1 

18.8(1-3) 

0 

0 


1.0 

NAA 

0.1 

58.3 (>5) 

12.5(1-5) 

0 

Average 

** 



28.7" 

1.56*' 

1.50*' 


Values in parentheses indicate range of the number of shoots per 
regenerating callus. 

*Calli initiated under 16 h photoperiod. 

**Averages with different alphabets are significantly (P < 0,001) different 
from each other, Tukey Multiple Range Test. 


regeneration with comparatively high frequencies (18-58%) 
and on a wider range of combinations of growth regulators. 
Highest regeneration frequency (58%) was obtained on 
high zeatin a-naphthaleneacetic acid (NAA) concentration 
ratio in the medium. Shoot regeneration declined to 19% 
when NAA was substituted with indoleacetic acid (lAA) 
in this medium. Kinetin along with a low NAA/IAA 
concentration was also supportive of shoot regeneration. 
Shoot regeneration increased further, when kinetin 
concentration in the medium was increased to 10 mg 1“'. 
To put together, among cytokinins zeatin was most potent 
followed by kinetin and 6-benzyl aminopurine (BAP) and 
among auxins NAA and than lAA, in causing shoot 
regeneration. The number of shoots per regenerating callus 
varied considerably (Table 1), maximum being on 
zeatin + NAA medium. Two of the anther calli showed 
exceptionally pronouned shoot organogenesis and could 
regenerate more than 25 visible shoots within four weeks 
on zeatin + NAA medium. 

In cotyledon- and hypocotyl-derived callus culture, only 
the green compact calli, the ones initiated under light 
conditions responded to shoot regeneration and that too 
on only one medium each (Table 1). Cotyledon calli 
regenerated on zeatin + NAA medium and the ones of 
hypocotyl origin on BAP + lAA medium. Dark grown 
white coloured friable calli failed to yield any shoots. 

It is interesting to note that even the fresh calli derived 
from the somatic explants, especially the cotyledonary 
explants which have been shown to be highly morphogenic‘\ 
showed poor shoot regeneration. Murata and Orton^, while 
conducting regeneration studies from various somatic 
explants in different Brassica species, also observed a 
similar drastic decrease in the shoot morphogenic potential 
in freshly initiated explant callus cultures. The reasons for 
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this loss of competance is not clear. On the other hand, 
microspore cultures had comparatively much higher shoot 
morphogenic potential, and on a wider range of media. 
Increased regeneration capacities of such cultures could 
be due to hemi- or homo-zygous condition of the gones 
inducing and/or promoting the shoot regeneration. If, iris 
true, it should be possible to establish genotypes with 
higher morphogenetic potential. The study nevertheless 
showed that microspore-derived cultures by virtue of their 
higher regeneration competance should be preferred over 
somatic explant cultures for in vitro applications such as 
in vitro screening for desirable mutants. 
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BVSA MEDAL FOR YOUNG SCBENTISTS—1991 

Instituted by the Indian National Science Academy in 1974 the Medal is awarded annually in 
recognition of outstanding work of scientists below the age of 32 (as reckoned on 31st December 
preceding the year of award). Only those bom on or after 1 January 1959 are eligible for 
consideration in 1991. The work done in India by the nominee will be taken into consideration 
for the award. 

The awardee is presented a medal and a cash award of Rs. 10,000/-. In addition, the recipient 
is considered for a research grant by the Academy not exceeding Rs. 30,000/- per year, including 
stipend for a JRF for a period of three years for continuing research work, provided the research 
proposal is considered worthy of such support. Preferential consideration may be given under 
partial travel grant scheme for attending international conferences. 

Nominations for the awards for 1991 may be made by Fellows of the Academy, as also by the 
established scientific societies of all India character, university faculties and departments, or the 
research institutions. 

The last date for the receipt of nominations in the Academy is 15 November 1990. 

Nomination Proforma can be obtained from the Indian National Science Academy, Bahadur Shah 
Zafar Marg, New Delhi 110 002 by sending a self-addressed envelope of 28 x 12 cm size. 
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Setting up good models of behaviour 


Dynamic Programming in Behavioral 
Ecology. M. Mangal and C. Clark. 
Princeton University Press, Princeton, 
NJ, USA, 1988. 

Dynamic programming is an optimiza¬ 
tion technique first developed in 1957 
by Richard Bellman. It has been success¬ 
fully applied to many problems in 
engineering and management. The pre¬ 
sent book is an exposition of how it 
may be used in modelling animal 
behaviour. Because animals encounter a 
random environment, the modbl has to 
be probabilistic. In particular, a decision 
to be taken at a given point of time is 
assumed to be Markovian, i.e. based on 
the state of affairs in the immediately 
preceding period. A discrete framework 
is used in the sense that time is counted 
in days, or hours, or other convenient 
unit. The variety of applications discus¬ 
sed in the book, both in terms of species 
and types of behaviour, is fascinating. 
Starting with group hunting by lions, 
we are carried, through parental care in 
birds, to diurnal migration of fish and 
zooplankton. In each illustration, a 
particular behaviour of an organism is 
described and the current explanation of 
that behaviour available in the literature 
is presented. Finally the dynamic sto¬ 
chastic programming approach is 
worked out, which often yields a 
different/better explanation of the obser¬ 
ved behaviour. It is of course assumed 
that behaviour has been so shaped by 
natural selection that it yields maximum 
benefit to the organism. While the 
Standard definition of benefit is inclusive 
fitness, different surrogates have been 
used in different examples for opera¬ 
tional convenience. The surrogate mea¬ 
sure may be probability of survival, 
total energy reserve, or number of 
progeny at the end of a given period. In 
some examples the relevant period is 
‘natural’ (e.g., in the case of nesting 
birds, from the time of egg-laying to the 
time when chicks become independent), 
but riot in all. The optimization is 
dynamic in so far as there is feedback 
and updating of information at.the end 
of each unit of time. In this the present 
approach differs from, say, optimal 
foraging theory (see Stephens, D. W. 


and Krebs, J. R., Foraging Theory, 
Princeton Univeristy Press, Princeton, 
1986). Thus the marginal value theorem 
in the static fohuulation tells us that to 
get optimal result a forager should 
move from one patch to another as 
soon as the patch is depleted to a 
certain extent- But it does not take into 
account the state of hunger of the 
forager, which may have changed by 
virtue of its having spent some time in 
that patch. The dynamic-modelling ap¬ 
proach gives the best decision as a 
function of the state of hunger as well as 
the remaining time on hand. Another 
distinguishing feature of the dynamic 
approach is that, given the values of all 
relevant parameters, the method yields 
precise numerical predictions and not 
just qualitative ones. This of course 
necessitates considerable computing, 
and for any significant application of 
the method, access to a PC is essential. 

Do the answers arrived at using the 
dynamic-programming approach differ 
significantly from those based on a 
static approach? Indeed, and often 
enough to merit attention. One case 
that I found rather convincing is the 
following. An insect has to search for 
hosts of various types and to lay one or 
more eggs every time a host is 
encountered until the stock of eggs is 
exhausted or time runs out. As the 
number of eggs laid on a host increases, 
the probability that an emerging larva 
will reach maturity decreases, say due to 
competition. Then one can obtain the 
number of eggs to be Laid on a hpst so 
as to maximize the expected number of 
mature offspring. This is the static 
optimum. Field observations show that 
actual number of eggs laid varies 
considerably from this optimum and is 
always on the lower side. The dynamic 
approach brings to our attention the 
fact that, early in the game, as the insect 
sets out in search of hosts, it is more 
profitable to lay one or a small number 
of eggs on a host since there exists a fair 
probability of finding many more hosts 
and providing a very favourable 
environment for each egg. As time runs 
out it is better to dump many eggs on 
each host. But it is never good to exceed 
the static optimum mentioned above, for 
the extra eggs laid cause excessive 


competition among the larvae, which 
may result in mortality among not only 
the larvae from the extra eggs but 
others that might have survived 
otherwise. 

The two authors are excellent class¬ 
room communicators. They have adop¬ 
ted the same pedagogical style in 
writing this book, which is meant for 
biologists and not mathematical.theore¬ 
ticians. The result is a do-it-yourself 
book. If one has enough motivation and 
patience to follow the instructions given 
by the authors step by step, it should 
not be difficult to get the hang of their 
method. And this is where the rub is. 
Too many Indian biologists are divorced 
from mathematics (and some even from 
the hypothetico-deductive method). 
Some find it convenient to stick to 
descriptive natural history of behaviour 
rather than raise the question ‘why’. 
There is the ever-present temptation to 
defend one’s elementary work as ‘bench¬ 
mark’ (first ever for that species/for that 
region/for that season). Would such a 
person want to work through this 
book? My own recommendation is that 
ecologists with any background should 
read this book, perhaps skipping all 
equations and such other details, to see 
if the findings are interesting enough to 
justify further investment of effort. 

Statisticians will find this book intere¬ 
sting for another reason. It is well 
known that, whether it is the lifetime of 
a butterfly or an electric bulb, the same 
techniques of survival analysis aje used. 
This book will show that it is also true 
of dynamic programming, hitherto 
taught only in courses of operations 
research and industrial statistics. 

Ecologists inclined to modelling may 
feel deterred by the requirement of data 
(values of various parameters involved). 
My impression is that (a) formulation of 
the problem in the dynamic-program¬ 
ming framework can itself enhance 
understanding to some extent and (b) 
with only partial availability of data, the 
model can be used to indicate the field 
measurement more likely to be useful in 
prediction. 

A. P. Gore 

Dept of Statistics 
University of Poona 
Pune 411 007 


Edited and published by Prof. S. Ramaseshan, Current Science .4ssociatioii, Bangalore 560 080. 
Typeset and printed at Book-Makers (I) Pvt. Ltd., Bangalore 560 00^9. 


/-^TToorJxrr VOT SO NO 17 7S TTTNP 1000 


